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glacial acetic acid, but dissolved more readily in chloroform; it 
cijssolved in concentrated salphiuic acid to a reddish-purple solution. 

a.CJdoro-m-i-xyhjl n-Propyl Ketone (XXI). — The replacement of 
(he amino-group by chlorine was effected by the Sandmeyer 
reaction. This chloro-derivative was obtained by distillation in 
steam as an almost colourlcffs oil, solidifying on cooling to 0°. Two 
crystallisations from alcohol at temperatures below 0 ° furnished a 
white, crystalline powder melting at 9 — 10° (Found : Cl = 16-44. 

C ,Hj-,0CI requires Cl = 16-83 per cent.). This substance had a 
characteristic odour similar to that of honey, but not so powerful 
as that of 4 -chlorophenyl «-propyl ketone. 

Oxidation with chromic acid .solution gave an acid which 
crystallised from alcohol in small, white needles melting at 165° 
after one crystallisation. This acid is presumably 5-chloro-2 : 4- 
iimd!iyU>cmoic acid, which does not appear to have been previously 
described. 

2 : Q-Dinitro-mA-xylyl n-Propyl Ketone (XX).— in.-4-Xylyl «- 
jiropyl ketone’ (1 gram) was nitrated by adding its solution in 9 
grams of concentrated sulphuric acid to a mixture of 10-5 grams of 
nitric acid (d 1-5 ; free from nitrous acid) and 27 gram.s of sulphuric 
acid, cooled to —12°, and stirred continuously. On pouring on to 
ice, a milky, semi-solid mass separated, which was taken up with 
ether and washed successively with sodium carbonate solution, 
dilute sodium hydroxide, and water. Evaporation of the solvent 
gave 2 : Q-dinitro-mA-xylyl n-propyl ketone as a pale yellow oil 
which solidified after two or three weeks ; it separated from alcohol 
in a mass of white, hair-like needles iiieltiiig at 63° (Found : N = 

10- 78. CJ 2 HJ 4 O 5 N 2 requires N — 10-52 per cent.). 

I\h p-Dihulylbemene (X.XII). 

]i-Di-ihbutylbemene was prepared by the action of sodium on a 
mixture of jj-dichlorobenzene and »-butyl chloride. The yield, 
liow-ever, was small, and the numerous by-products obtained added 
to the difficulty of i.solating the hydrocarbon in a pure state. 

The reaction was carried out in a capacious flask immersed in an 

011- bath, heated to 1 10° and subsequently to 150°. »i-Butyl chloride 
(72 grams) and p-dichlorobenzcnc (60 grams) dissolved in 50 c.c. 
ol xylene were gradually added to 50 grams of sodium shavings 
covered with xylene (75 c.c.), so that the heat of the reaction was 
just sufficient to keep the solvent boiling. The product was filtered 
to remove sodium -and sodium chloride, and the cake of mineral 
luatter was extracted thoroughly with warm benzene. After the 
bulk of the solvent had been removed from the combined extract 

VOL. cxix. 3 T 
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and washings, a dark brown, viscous residue remained, having a 
faintly green appearance in reflected light. The product was 
distilled, fractions being collected up to 280 300°. By means 
of a lengthy process of fractionation, followed by treatment ssitt 
metallic sodium, Tp-di-n-butylbemene was obtained boiling at 
224— 225-5°/759 mm. (Found: 0 = 88-75, 88-76; H = 10 - 95 ^ 
H-30. C 14 H 22 requires 0 = 88-34; H = 11-66 per cent.). After 

further distillations, the hydrocarbon gave C = 88-65 ; H = 11.3 
per cent. Appreciable quantities of diphenyl were obtained in the 
reaction, and no doubt the presence of tracas of diphenyl accramts 
for the high carbon content of the hydrocarbon. p-Di-n-hutijl 
benzene is a colourless liquid having a faint, agreeable, orange-like 
odour. 

2-A'i(ro-l ; i-di-n-buttjlbenzem . — Dibutylbenzene (7 grams) was 
cooled to 0 ° and fuming nitric acid added in small quantities until 
20 grams had been used. At the commencement of the operation 
the acid layer became dark red. The hydrocarbon on the other 
hand darkened as the nitration proceeded, until it was almost indis. 
tinguishahle from the lower stratum. The nitration was checked 
as soon as nitrous fumes were evolved and the upper layer became 
hghter in colour. The crude nitro-compound was separated and 
tieated repeatedly with water and sodium hydroxide solution until 
the washings were not tinted red. It was purified by rhstillation in 
steam, when 'I-nitw-l ; i-di-n-bviylbenzetie was obtained as a pale 
yellow, refractive liquid, having a pleasant and characteristic odour, 
faintly resembUng that of lemons. It was purified for analysis hy 
further distillation in steam, the first and the last portions of tie 
distillate being rejected (Found ; N = 6-14. C] 4 H 2 i 02 N require.? 
N = 5-95 per cent.). 

2-AminoA : i-di-n-buiylbenzene (XXIII). — The reduelion of :- 
nitro-l : 4 -dibutylbcnzene to the corresponding amino-compouii'l 
did not proceed smoothly when zinc dust and ammonium chloride, 
or tin or zinc with aqueous or alcoholic hydrochloric acid were 
employed as reducing agents. More favourable results were 
obtained by the use o* iron filings and acetic acid, but even under 
these conditions the product was coutaminated with apprecia c 

quantities of a less basic substance. f 1 ■ 1 

The nitro-compound (6-4 grams), dissolved in 15 c.o. ut glaaa 
acetic acid, was gradually added to 15 grams of iron filings ceveiea 
with 50 grams of 80 per cent- acetic acid. The mixture was gen 
heated during the addition of the nitrodibutylbenzenc audio 
period of one hour after all the nitro-compound had ^ , 

The bulk of the acetic acid was removed by distillation, and 
amine isolated by distillation in steam after making the re» 
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alkaline. It was partly purified by conversion into the sparingly 
soluble sulpkaie, which was extracted with ether. From the sulphate 
a moderately pure specimen of the base was obtained as a colourless 
liquid having a faint yet characteristic odour somewhat resembling 
that of mushrooms. The hydrocUoride, which is soluble in water 
or chloroform, separated from dilute hydrochloric acid in white, 
flattened needles. 

2 -Ben 2 oylamino-l : 4-di-a-butylhe,nze.ne, after repeated crystallisa- 
tion from alcohol, separated in white masses of needles melting at 
116 ° (found: C==814; H = 8-6. ON requires C = 81-0 ;; 

H = 8'8per cent.). 

We desire to express our thanks to the Advisory Council of the 
Department of Scientific and Industrial Research for a grant which 
has partly defrayed the expense of this investigation, 

The Chemicai, Depabt-ment, 

The University of Bip.MiNon.vM, 

Edobaston. [Secch'ed, October 19lh, 1921.] 


CCX-Vll.—The Nitro- and Amino-derivatives of 
i-Phenylglyoxaline. 

By Reginald Li-ndsay Grant and Frank Lee Py.m.in. 

The laws of substitution in the glyoxaline nucleus, and the iiropeiv. 
tics conferred by it upon substituents in the 2- and 4- (or 3-),. 
positions have been the .subjects of previous papers by one of us. 
and Dr. B. G. Fargher, and arc being further investigated in these 
laboratories. The present work was carried out with the object of 
contributing to our present scanty knowledge of the somewhat 
unstable 4.aminoglyo.xalines. The simplest member of the series 
is unknown, and the only substance which i.s known certainly to 
belong to this class is 4-amiiio-5-methylglyoxaline (Fargher, T., 
1920, 117, 668), although the same author (foe. cit.) ha,s shown 
that the reduction product of 4-/)-bromobenzeneazo-'2-pheny!- 
glyoxaline (Fargher and Pyman, T., 1919, 115, 238) is probably 
o.ammo-4-(o'-bromo-2'-aminophenyl)-2-phenylglyoxaline. 

It was thought that a 4-amino-dcrivative of a 5-pheiiyl (or sub- 
stituted phenyl)-glyoxaline might be stable and consequently 
4-phenylglyoxalme was chosen as the starting material. This 
substance has been prepared previously by Piuuer (Rer., 1902, 35, 

3t2 
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4131) by the action of ammonia on phenylglyoxal, but is mote 
conveniently prepared by the application of Gabriel’s method 
(Ber., 1804, 27, 1037) for the synthesis of glyoxalines, a method 
which has been employed for the synthesis of derivatives of 
4-phcnylglyoxalinc, substituted in the benzene nucleus, by Stephen 
and Weiziuann (T., 1914, 105, 1046). 

The interaction of M-aminoacetophenonc hydrochloride and 
ptotassium thiocyanate leads through ai-aminoacctophenoM thiocyanalt 
to ■>-thiol-i-phiiinjl<jlyo.raiine, which readily gives 4-phenylglyoxaliiie 

on oxidation. 

Nitration of this substance, conveniently effected by dissolvinii 
its nitrate in sulphuric acid and heating the solution, yields a mixture 
of two mononitro-derivatives, which give on oxidation o- and 
p-nitrobcnzoic acids respectivedy and arc therefore 4-o- and d-p). 
iiUrojihc:tylglyo.mU>ie-i (f and II). 


_ ^ CH-Nlh 
/ \;f v>cH 

i\0„ 


CH— NIL 

N02<^ yd 

( 11 .) 


Further nitration of d-pj-nitropihenylglyoxalinc by the same 
method effects the introduction of a nitro-group into the glyoxalinc 
nucleus, for the dinitroplienylglyoxaline oblained in this way yields 
p-nitrobenzoic acid almost quantitatively on oxidation. The fact 
that glyoxalines can be nitrated in the 4- (or 5-) but not in the 
2-position indicates that this substance is S-nitro-d-p-nitrophenyl- 
glyoxaline (III) and confii-mation of this view was obtained by the 
complete reduction of the substance, when a diamino-d-phcnyl- 
glyoxaline resulted which was not identical rvith 2-amino.4./> 
aminophenylglyoxaline (Fargber and Pyman, loc. cit.), and was 
consequently 5-amino-4-p-a.minopbenylglyoxaline (IV). Tlic 
dihydrochloride of this base is stable in aqueous solution, but 
undergoes decompo,sition when heated with hydrochloric acid at 
170°, yielding ammonia and p-aminophenylaminoacelic acid (V). 


XO./C-NH 


•NoOl!- 

(in.) 


.-N>“ 


NH,'C— NH' 


-> 


NH, 


/■ 


;>tj— n/ 

(IV.) 


\CH 


CO2H 

NHj-CjHj-CH-NHj 

(V.) 


A further study of the pjreparation and properties of the diamme 
it contemplated. 
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Partial reduction of 5-nitro-4-j)-nitrophenylglyoxaline by means 

of alcoholic ammonium sulphide led to the isolation of 5-nilw- 
i.-^).aminophenylglyoxaline (VI), the constitution of which follows 
from the facts ( 1 ) that its acdyl derivative gave a small ciuantity 
of p.acetylaminobenzoie acid on oxidation; ( 2 ) that it was un- 
affected by concentrated hydrochloric acid at 170°, unlike the 
diamine. Replacement of the amino-group of this substance by 
the hydroxy-group gave 5-nitroA-p-hydroryplienylglynmUne (VII). 


NH. 


NOa-C-NHx 

(VI.) 


CH 


HO; 


N0,-C-SH\ 

/-\ll >CH 

(vn.) 


In the course of this work, it was found that 4-phonylglyoxaline 
and its mononitro-derivatives gave the con-esponding .V-benzovl 
derivatives when submitted to benzoylation by the Schotten- 
Baumann method, whereas in all previous applications of this 
method of benzoylation to glyoxalines, cither derivatives of 
dihenzoylaminoethylene have been obtained, as in the case of 
glyoxalino itself (Bamberger and Berio, Anruikn, 1802, 273, 342) 
and 4-methylglyoxaline (VVindaus and Knoop, Ber., lOOu, 38, llCfi), 
or the substance has been recovered unchanged (VVindaus Ber 
1009, 42, 758; 1910, 43, 499). ’ 


E X P E R 1 .11 E N T A L. 

2-Thiol-4-pkenylijlyo.raline. 

Concentrated aqueous solutions containing 30 grams of w-amino- 
acetophenone hydrochloride and 17 grams of |X)tas.siura thiocyanate 
respectively were mixed, and the liquor (L) evaporated to dryness 
on a water-bath. The residue was cxtracled with water, when 
24-0 grams of crude 2-thiol-4-phe,nylglyoxaline remained in the 
form of small reddish-brown plates, melting at 2.54°. The yield 
thus amounts to 79 per cent, of the theoretical. After recry.stalli.sa- 
tion from alcohol (with the aid of animal charcoal), the substance 
was obtained in colourless plates, melting at 261° (con'.) (Found ; 
C - 61-5, 61-4; H = -4-8, 4-5; N ^ 15-8, 15-7. CjHsN^S requires 
- 61', 1 ; II — 4 - 6 ; N - 15.9 ppr cent.). It is very sparingly 
soluble in cold water, reatiily soluble in acetone or alcohol, less 
readily so in ether, and very sparingly soluble in chloroform or 
benzene. 

It is soluble in concentratod hydrochloric acid, forming a hjdro- 
or; e, which crystallises in clear prisms melting at '252° (corr.) 
aiif dissociates on the addition of water. It i.s soluble in dilute 
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aqueous ammonia or sodium hydroxide, but not in cold aqueous 
sodium carbonate. It gives a cherry-red colour with sodium 
diazobenzene-p-sulphonate in the presence of sodium carbonate. 
The ficroM is obtained in garnet-red, hexagonal tablets, melting 
at 182° (corr.), on mixing molecular proportions of the constituents 
in concentrated absolute alcoholic solution. When dissolved in 
hot water, it dissociates into its components, 

An intermediate product in the preparation of 2-thiol-4-phenj'l. 
glyoxaline can be isolated by concentrating the liquor (L) to a 
small volume under diminished jiressure, when on cooling u-amm- 
acetophenone, thiocyanale separates in Jong, _^colourlc,s,s needles, 
melting at 135° (oorr.) (Found: C = 55-5, 55-6;^ H = ,5-3, nd: 
N = 14'2, 14-2. OgHioONjS requires C = 55-6; n = 5'2; 

N = ll-l'pcr cent.). Itis readily soluble in water, and is unstable, 
being readily converted into 2-thiol-4-phcnylglyoxaline. I)y heating 
at 100°. The possibility I hat this compound was the isomeric 
thiocarbamide is eliminated by the fact that it gives a deep ml 
colour with ferric chloride, and can be readily^ converted inle 
tu-aniinoacotophenone picrate, which melts at 174 (con.). 


A-Phenylglyo-roline. 

Twenty-four grams of crude 2-thiol-4-plienylglyoxalino (m, p, 
254°) were added slowly to 480 c.c. of gently boiling 10 per cent, 
nitric acid. After being boiled for another fifteen minutes, the 
liquor was kept and deposited 25 grams of crude 4-phenylgl.yoxaliiie 
nitrate melting at 170°, that is, 88 per cent, of the theoretical 

yield. , 

This uilrate. separates from water in long, pale yellow, prismatic 
needles, which melt at 179° (corr.). It is soluble m about 8 paj 
of boiling water, is feebly acid to litmus, and is anhydrous (Found 
N = 20-4, 20-3. C9H8N2,HN03 requires N = 20-3 per cent.). 
The corresponding base was found to melt at 128 (corr.), 

{loc. cit.) gives 128—129°. 

The hydrochloride fn-ms long, colourless needles, «;h‘ch me t 
180° (corr.) and are very readily soluble in water. Ire y S 
oxalate crystallises from water in broad needles ^vhieh “dijt 
199° (corr.), and are only moderately readdy soluble in 
The picrate forms long, yellow needles, which melt a 
and are soluble in about 140 parts of hot water. 

4-PhenyIglyoxaline gives a deep cherry-re co our i , ‘ 
diazobenzene-p-sulphonate in the presence of sodium carb 
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Sitralion of i-PheMylglyomlinc. Isolalion of 4-o- and 
i-'^-NiirofhenylglyoiaUties. 

Twenty grams ot 4-phenylglyoxaliiie nitrate were added to 
40 c c of sulphuric acid, the temperature of the mixture being kept 
below 30°' product was heated under reflux for two hours on 
water-bath, then diluted with 400 c.c. ot water, heated to about 
50 ' and neutralised by the addition of, first, sodium hydroxide, 
then sodium carbonate. From the hot solution, 16-8 grams of crude 
t.p-nitrophenylglyoxaline, melting at 218°, .separated, whilst the 
filtrate on cooling deposited 1-7 grams of the crude orfio-isomeride, 
melting at 134°, a further small c|uantity of this being obtained on 
concentrating the liquor. The various crops were converted into 
the nitrates and fractionated, the bases being tlien regenerated 
from the salts and recry'stallised. In the case of the ortho-corn- 
pound, crystallisation of the hydrochloride also was effective. 
By these means, there were j,solate.d in a pure .state 12-7 grams 
of 4 .p-nitrophenylglyoxalino and 4-(i grams of 4-o-nilrophenylgly- 
osaline, the yields amounting to C9 and 2.') percent, of the theoretical 
respectively. 

i-o-Nilrophaiylglyoxaline crystallises from alcohol in pale yellow, 
elongated, glistening plates, which melt at 140° (eorr.). In the dry 
state this base (but not its .salts) rapidly (urns green under the 
iilhiencc of light, and in .strong sunlight becomes dark olive-green 
II tlic course of half an hour. It is insoluble in cold, but sparingly 
soluble in hot, water, very readily .soluble in alcohol or acetone, 
soluble in ether or chloroform, and sparingly soluble in benzene 
or light petroleum (Found: (' — ->7‘1, .>7-0; H = 3‘9, 3-7; 
X - 22-3, 22'3. CjHnOjiSij requires C = d7-l ; H = 3-7 ; 
X -- 22'2 per cent.). 

It is readily soluble in dilute mineral aeid.s giving colourless solu- 
tions, and in caustic alkalis giving yellow' to deep orange solutions. 
It gives a cherry-rod colour with sodium diazobcnzene-p-sulphonate 
in tlie presence of sodium carbonate. 

The hydrochloride crystallises from water in large, clear greenish 
yellow prisms which melt at 203° (eorr.) and arti anhydrous. It 
is very easily soluble in water, giving a strongly acid solution 
iFound : Cl = 15-5, 15-6. CjHjOoNj, HCl rcrpiircs Cl = 15-7 
per cent.). 

The nitrate crystallises from water, in whieb it is easily soluble, 
in pale yellow needles, which decompose at about 168° (eorr.), 
and are anhydrous (Found : N = 22-2. CjHjO^Xj.HNOj requires 
^ -= 22-2 per cent.). 

itrophenylgjyoxaline crystallises from alcohol in canary- 
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yellow needles, which melt at 225° (corr.). It is insoluble in water 
even hot, readily soluble in alcohol or acetone, sparingly soluble 
in ether or chloroform, and only very sparingly so in benzene or 
light petroleum (Found ; C = 56-9, 57-0; H = 3'9, 3'7 ; N =- 
22-2. CjHjOjNa requires C = 57-1 ; H = 3-7 ; N = 22-2 pej 
cent.). 

It is readily soluble in dilute mineral acids giving colourless solu. 
tions, and in caustic alkalis giving yellow to deep orange solutions 
It gives a cherry-red colour with sodium diazobenzene-p-sulphonate 
in the presence of sodium carbonate. 

The hydrochloride, forms very pale buff needles from alcohol 
It melts at 292° (corr.) and is anhydrous. It is very easily soluble 
in water giving a strongly acid solution, and easily soluble in hot 
alcohol (Found ; C = 47-7 ; H = 3-6: N = 18'0, 18-7 ; Cl == l.t", 
CjHjOjNj.HCl requires C — 47-9 ; H = 3-0; N = 18’6; Cl = l.bi 
per cent.). 

The nitrate crystallises from water in pale yellow needles, which 
melt at 200° (corr.). It is soluble in about 2u parts of boiling water 
and is anhydrous (Found : N — 22-2. CjHjOjNj.HNOj requires 
N = 22'2 per cent.). 


Nitration of i-f-Nilrophenylylyo.mUne. Isolation of a-Xilro4- 
p-nilrophcnijlghjo.r.aliiie. 

Twenty grams of 4-p-nitrophcnylglyoxaiinc nitrate were added to 
40 c.c. of sulphuric acid, and the mixture was heated under refiu.x 
for two hours on a water-bath. After cooling, the mixture was 
diluted with 400 c.c of water, when a cream-coloured precipitate 
was obtained. This was e.xlractod with liot dilute hydrochlurie 
acid and left 17-2 grams of the nearly pure dinitro-emnpound, whilst 
0'9 gram of pure 4-p-nitrophetiy1glyoxaline was i.solated from the 
mother-liquors. The yield, allowing for the recovered material, is 
almost quantitative, 

H-Nitro-.i-Tp-nilrophf.mjlglyoxaline, erystallises from alcohol ia 
colourless ncedlc.s wlii. h melt at 293° (corr,). It is insoluble in cold 
and very sparingly soluble in boiling water, fairly ea.sily soluble 
in alcohol or acetone, sparingly soluble in ether, and very sparingly 
so in chloroform (Found : C = 4C-0, 4G-1 ; H = 2-ii, 2 C' ; N — dW. 
24-1. CJHSO 4 N 4 requires C = 4G-1; H = 2'6; N = 23-9 
cent.). 

It is soluble in strong mineral acids, but is precipitated unchanged 
on the addition of w'atcr; it dissolves in dilute aqueous ammonia, 
sodium carbonate, or .sodium hydroxide, giving yellow solution-. 
The sodium, protassium, and ammonium salts form pale yello’' 



1890 


AMINO-DERIVATIVES OP 4-PHBSyLGLYOXALINE. 

needles and are sparingly soluble in cold water. It gives no colora- 
tion with sodium diazobenzene-p-sulphonate in the presence of 

sodium carbonate. 

The nitrate crystallises from 50 per cent, nitric acid in large, flat 
needles. It dissociates on treatment with water, or when heated 
at 100 °, the residue consisting of the base (Found: lo.ss at 
100 “ = 21 - 2 . CjH 504 Nj,HN 03 requires lo,ss of HNOj = 2 J -2 per 
cent.). 


Beiizaylatioii of i-Pkenylglyoxalme and its Nitro-dmmtim. 

When treated with benzoyl chloride and aqueous sodium hydr- 
o.\ide at the laboratory temperature, 4-phenylglyoxaline and its 
0 . and p-nitro-derivatives gave benzoyl derivatives, which, after 
washing with a little ether, were obtained in yields of 90—97 per 
cent, of the theoretical, the crude products melting at 120 ° 97° 
and 176° respectively. After rccrystallisation from alcohol, the 
[iroduots were as follows : 

l-BenzoyU (or 5)-pheiujlglyoxalim (A).- -Colourless needles 
melting at 132° (corr.) (Found: C - 77-2, 77-4; H - 4-8 4-9 • 
.V = IM, 11 ' 2 . CijHijON.j requires C = 77-4 ; H = 4 - 9 ; A ^ 1 1-3 
]XT cent.), 

[■BemenjU (or r>).o-rntrophenyUjhjoxaline (B).— Elongated plates, 
which melt at 100—101° (corr.) (Found : C ^ (i 5 - 4 , 65-4; H -= 3-8 

ilo ; N 14-2, 14-2. CmHuOjNj reqnire.s C = 65-5 ; H = 3 - 8 ; 

X 14'3 per cent.). 

]-Bmzoyl-i (or 5)-\t-nilropheHyl{/lyo.raline (C).— Palo yellow, 
tat needles, melting at 182° (eorr.) (Found : C = Gu-o, 654 ; h'-= 3 - 9 ' 
M: N = 14-2, 14'2, CjjHjjOjNj requires G C5-->; H^3'8; 
^ = 14-0 per cent.). 

The three benzoyl derivatives are insoluble in water or diliile 
aqueous .sodium hydroxide, easily .soluble iii hot alcohol, and 
sparingly .soluble in ether. They differ in stability. A pure sample 
0 A, kept for four weeks in a well-corked bottle, had become 
a most converted into an oil, from which 4 -|jbenylgIyoxaline and 
xnzoic acid were isolated. Moreover, this .substance can be recrys- 
a ised from alcohol only in small yield owing to hydrolysis. B 
™ are stal)lc when pure, and 0 is decomposed to a much smaller 

ent than A on boiling with alcohol, whilst B scarcely suffers 
}' 0 }sis under these condition.s. All three compounds are rapidly 
) ro jsed by hot dilute hydrochloric acid. 

tie f ^ was recovered unchanged after 

* Kent with benzoyl chloride and aqueous .sodium hydroxide. 
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Oxidation of the Nilro-derivalives of i-Phenylglyoxaline. 

The nitro-derivatives of 4-phenylglyoxaline (1/100 gram-mol.) 
were dissolved in 250 c.c. of boiling water containing one equivalent 
of potassium hydroxide, and oxidised with the calculated quantity 
(4-2 grams) of potassium permanganate. Under these conditions 
4 -p-nitrophenylglyoxaline and 5-nitro-4-p-nitrophenylglyoxalme 
each gave p-nitrobenzoic acid in almost quantitative yield; the 
crude acid (of which the main crops melted at 232° and 226° m ths 
two oases) amounted to 1-65 grams in each case and readily gave tbs 
pure acid, which melted at 237° (corr.), alone and when mixed tritk 
a reference specimen. d-o-Nitrophenylglyoxaline under the same 
conditions gave an oily acid which reduced permanganate, and on 
further treatment with this reagent gave o-nitroberaoic acid, 
melting at 147° (corr.), alone or mixed with a reference specimen, in 
a yield of 45 per cent, of the theoretical. 


o-Aniino-i-'^-amimphemjlfjlyoxalim. 

Seven grams of 5 -nitro- 4 -p-nitrophenylglyoxaline were gradually 
added to a solution of 42 grams of hydrated stannous chloride in 
105 c.c. of hydrochloric acid, the temperature being kept belev 
15° The crystalline stannichloride, which separated on heatins, 
was deprived of tin, when 2-8 grams of 5-amino-4-p-amiiiophenyl- 
glyoxaline dihydrochloride were obtained, that is, 37 per cent, of 
the theoretical yield. _ , 

^.Amino-d-^-aminophenylglyoxaliHe dihydroohtmde crystaUi>e! 
from water in colourless, prismatic needles, which darken at about 
260°, hut do not melt at 300°. This salt is anhydrous, very eaa v 
soluble in water, and very sparingly so in absolute alcohol (bound : 
C = 43-6, 43-6; H = 5-1, 5-0; N = 22-.5, 22-5 ; Cl = 28-8, 
C.Hi„N.,2HCl requires C = 43-7 ; H = 4-9 ; N — 22-7 ; Cl ‘ 
per cent ) Aqueous solutions of the salt give (1) with alkalis, no 
OTecipitate, but slov ly become oxidised in the air, turning pmk aii4 
then purple ; (2) with nitrous acid, a yellow solution whic gi'e> 
with aqueous sodium hydroxide a clear purple-red sol«ton 
with aqueous sodium p-naphthoxide a sparingly soluble, p P 
precipitate; (3) ivith sodium diazobenzene-p-sulphonate m 
presence of sodium carbonate, a deep 
(4) with sodium nitroprusside, no colour, but on subsequen ■ 
of sodium hydroxide, an intense dull-brown 
sodium acetate and bcmaldehyde, a yellow, crystalline 6 
derivative ; (6) with picric acid, a picrate, which crys a 
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water in greonisli-yellow ncedle,s and does not niel! at 300° ; (7) with 
sulphuric acid, a very sparingly soluble sulphate forming colourless, 
glistening needles. 

Action of Hydrochloric Acid at 170“,— One gram of the diamino 
(liliydrochlorida and 10 e.c of concentrated hydrochloric acid were 
heated for three hours at 170°. The product consisted of 0-7 gram 
of colourless crystals and a mother-liquor which gave a residue of 
0-6 gram, largely ammonium chloride. The mode of formation and 
the properties of the former substance indicate that it is jr-mnino- 
jiUnyhrdnoacelic acid dikydroetdorids. It was recrystalli.sed from 
dilute hydrochloric acid and formed colourkss, prismatic needles 
which did not melt at 280°, and were anhydrous (Found ; Cl = 2()-9. 
C8 Hi„ 02N2.2HC1 requires Cl 2>)-7 per cent.). It was easily 
soluble in water and strongly acid. After diazotisation, it coupled 
with S-naphthol. When mixed with sodium acetate in concen- 
trated aqueous solution until no longer acid to methyl-orange, the 
sparingly soluble monohydrocMorUk separated in colourless, glisten- 
ing plates which had no sharp melting jwint, but began to turn 
brown at about 200° and were completely decomposed at 2.50° 
(Found : C = 474; H = 54; N ^ 13-8. CgHioOjNj.HCl rcquire .5 
C = 47'2 ; H — 5'5; N = 13'7 per cent.). 


5-NilroA-]^-aminophe:ijilrjlyo.mline. 

Five grams of 6-nitro-4-p-nitrophenylglyoxaline were dissolved 
in 700 c.c of alcohol and 25 c.o. of aqueous ammonia {d 0-880), and 
hydrogen sulphide was pa,ssed through the solution for two hours. 
The solution was then boiled under reflux for half an hour and kept. 
The red precipitate wa-s collected, and extracted with 10 per cent, 
aqueous hydrochloric acid, which removed 3-2 grams of nitro- 
aminophenylglyoxalinc dihydrochloridc, that is, 53 per cent, of the 
theoretical yield. 

o-Mtro-i-p-aminophenylglym:(dine dihydrocUorkk crystallises from 
dilute hydrochloric acid in yellow, prismatic needles, which turn red 
at about 220° and decompose at about 250° (corr.) (Found • 
C= 38-9, 38-9; H = 3-8, 3-6; bl = 20-2, 20-2; Cl = 25-3, 254. 
(.5Hg02bl4,2HCl requires C = 39-0; H = 3-fi; A ^ 20-2; Cl = 25-6 
per cent,). It is easity soluble in dilute hydrochloric acid, but 
dissociates on the addition of water, yielding the base as a bright 
terracotta precipitate, almost insoluble in water or the usual organic 
solvents, even when hot (Found : in base dried at 100°, C = 52-8, 
•*6 ; H = 3-9, 3-8 ; S = 27-3. 27-3. requires C = 52-9 ; 

- 4-0 ; X = 27-5 per cent.). This is soluble in sodium hydroxide 
or ammonia (but not in sodium carbonate), giving yellow to 

3t*2 
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red solutions; the sodium salt crystallises from water in rej 
needles. 

Solutions of the hydrochloride in dilute hydrochloric acid give 
(1) no change in colour on the addition of sodium nitrite, but on 
adding this solution to aqueous sodium hydroxide, a deeper yellow 
colour, and on adding it to aqueous sodium p-naphthoxide, a 
reddish-brown solution, (2) on the addition of aqueous sodium 
hydroxide, a reddish-brown colour with sodium diazohenzene-p. 
sulphonate in aqueous sodium carbonate. 

The dihydroohloride is recovered unchanged after heating with 
10 parts of concentrated hydrochloric acid for two and a half hours 
at 170°. 

5 .Nitro-^-(Ketykiminophmylglyoxaline, prepared by heating the 
above dihydroohloride with acetic anhydride and sodium acetate, 
forms a bright yellow powder, which does not melt at 280°, and 
is almost insoluble in water and the usual organic solvents, even 
when hot. It dissolves in concentrated hydrochloric acid, but is 
reprecipitated on diluting the solution. It is soluble in aqueous 
ammonia, sodium carbonate, or hydroxide (Found : in substance 
dried at 100°, C = 53-5, 53-6 ; H = 4-4, 4-2 ; N = 22-7, 22'C, 
CiiHioOaN^ requires C - u3-6; H = 4-1 ; N = 22'8 per cent.). 

Oxidation.— ■246 Grams of the acetyl derivative were dissolved 
in a solution of O-oO gram of potas.sium hydroxide in 100 c.o. of water 
mixed with a solution of 4-2 grams of potassium permanganate in 
105 c.o. of water, and heated for three-quarters of an hour on the 
water-bath. The mangane,sc hydroxide having been removed, the 
liquor was acidified with hydrochloric acid, filtered from ()-3 gram 
of apparently unchanged acctvd derivative, and extracted with 
ether. The ethereal extract was evaporated and gave 0-1 gram of 
crude p-acetylaminobenzoio acid, melting at 240°. After purifica- 
tion, a small amount of the pure acid was obtained melting at 260’ 
(core.), alone or when mixed with a specimen of the, pure acid from 
another source. The identification was confirmed by hydrolysis 
to p-amiiiobenzoic acid, which melted at 190° (corr.), alone or 
mi.xed with a specimen of the pure acid from another source. 

5 -NUro 4 -]>-hydro.rypnenylglyomUne separates as a sandy powder 
in good yield when .5-nitro-4-p-aniinophenylglyoxalinB dissolved in 
excess of 20 jicr cent, aqueoms sulphuric acid is treated with t ic 
equivalent quantity of sodium nitrite, at the ordinary temperature 
and the solution is heated and kept. It crystalUses 
1000 parts of boiling water in golden, feathery needles whicti a 
not melt at 300°. It is soluble in moderately concentrated ac' 
when hot, and yields a crystalline hydrochloride with conoen ra 
hydrochloric acid. It is soluble in alkalis, even in sodium c 
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afp, with a deep red colour (Found: X=]9.|), (' H.O„X 
requires N = 20-5 per cent.). s . .. .i 

We are indebted to Miss Esther Levin, M.Sc. Tech., for several 
analyses carried out in connexion with this iin-e.stigation. 

Municipal College of Technologv, 

Fs,veb.sity OP Manhiestkr. [ itmived , Orloixr 2 m . lOJl.l 


CCXVIIL— TOe Explosion of Acdi/kiu ami Xilrngen. 
Pori I. 

By William Edward (.Jarneh and Kictiimatsu M.atsuno 

The observations of Berthelot form the basts of almost every 
investigation into the iilienoniena of exphwive prooo.ssc‘s, and it is 
thus not surprising that the reaction between acetylene and nitrogen 
was first studied by this great eliemist. Berthelot showed that 
cndotherniie substances like acetylene, cyanogen, arsenio Irihydride, 
and nitric oxide were readily detonateil'at atnio.spheric pressure by 
means of a fulminate detonator. The detonation could not, 
however, be brought about by an electric spark, in the case of 
acetylene, unless the pressure exceeded two atmospheres. A 
partial di^omposition of the acetylene into carbon and hydrogen 
occurred during sparking, but the heat of deeompo.sition wa,s not 
liberated sufficiently quickly to start the e.xplosion wave. 

When acetylene and nitrogen are sparked at atmospheric pressure, 
carbon and hydrocyanic acid are produced (Berthelot, Compt. rend.’, 
1868 , 67, 1141). The decomposition of carbon can, however, bo 
avoided and the conversion of acetylene into hydrocyanic acid 
made quantitative, in the presence of an excess of hydrogen, if the 
acid is removed by alkali as soon as it is formed. A further study 
of this reaction was made by Mixter {Amer. J. ScL, 1900, fiv], 9, 1 ; 
1900, fiv], 10, 299), who exploded mixtures of acetylene and nitrogen 
m glass manometers and steel vessels. Both hydrocyanic acid and 
ammonia were found in the products of explosion. The primary 
reaction is probably the decomposition of acetylene, into hydrogen 
an carbon, and this is followed by a reaction between the products 
an nitrogen. At the moment of explosion, among other substances, 
a mixture of carbon, hydrogen, and nitrogen is obtained, which 
reacts to give hydrocyanic acid and ammonia. The rc.sults of 
a IS {Annalen, 1906, 345, 356) and Wartenberg {Zeitsch. anorg. 



1904 


GARNER AND MATSDNO : 


Chcm., 1907, 52, 299) on the equilibrium between carbon, hydrogen 
and nitrogen will thus be of interest. In these experiments with an 
equimoleciilar mixture of hydrogen and nitrogen it was found that 
about 40 per cent, of hydrocyanic acid was produced at 3300° and 
4 per cent, at 1830°. 

In many modern explosives, the deficiency of oxygen is so large 
that carbon is one of the products of detonation. During the 
cooling of the gases by radiation and by the work done on the con- 
tainer, this carbon reacts mth the nitrogen present in the explosive 
to give hydrocyanic acid. The percentage of this gas in the gaseous 
products may be quite large, as was shown by Berthelot and Veille 
in the case of the detonation of benzenediazonium nitrate; 3-2 per 
cent, of the total gases was hydrocyanic acid. Trinitrotoluene also 
gives large quantities of hydrocyanic acid on detonation. 

The products of an explosive decomposilion are very largelv 
determined by the rate of cooling; the slower the rate of cooling 
of the gases the lower the temperature at which the “ chilling ” of 
the gaseous equilibria takes place. This is of special importance in 
the hydrocyanic acid equilibria in the gases from explosive.?, for 
during the cooling a portion of the carbon liberated at the higher 
temperatures disappears according to the reaction : 

CO 2 + C = 2CO. 

The presence of oxygen in the gases introduces a complication 
into the nitrogen equilibria, which makes their investigation 
difficult. 

It was with the view of throwing light on these complex equilibria, 
occurring during cooling, that this investigation was unrlcrtakcn. 
It was considered that the explosion of acetylene with nitrogen or 
of cyanogen with In'drogen would give rise to conditions which, 
while being similar to those occurring in the explosion of high 
explosives, would be free from the complications due to the presence 
of oxygen. The effect of the addition of oxygen to the mixturp 
could then be studied. 


Experimental. 

(a) Materials . — The acetylene was obtained from a solution of 
this gas in acetone kindly supplied by Allen Liversidge, Ltd. 
Except for the presence of acetone, the gas was almost free from 
impurities ; the first fraction gave 1 — 2 per cent, of hydrogen and 
nitrogen, but the.se constituents rapidly diminished to a negligible 
quantity as the acetylene was consumed. The percentage of 
acetylene in the gas liberated is calculated to be approximately 
0'5 per cent, at a pressure in the cylinder of 20 atmospheres. It is 
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thus possible that the gas contained 0-25 per cent, of oxygen, and 
since the larger portion of this rvill be burnt to carbon monoxide, 
the amount of water produced on explosion will be very small 
This small quantity of water formed on explosion, however, makes 
the analysis more difficult, for a mixture of hydrocyanic acid and 
ammonia in the presence of moisture attacks mercury. 

The nitrogen was prepared from ammonium .sulphate and sodium 
nitrite in aqueous solution in the presence of potassium dichromate 
(Veley, T., 1903, 83, 736); in addition, a little litharge was added. 
The nitrogen was stored over a suspension of ferrous hydroxide in 
water to remove nitric acid and to prevent the entrance of oxygen 
from the air, and was finally dried over phosphoric oxide. The 
mixtures of nitrogen and acetylene were analysed in a con.stant- 
Tolume apparatus. 

(6) £om6.— Prehminary experiments showed that dry hydro- 
cyanic acid and ammonia were without action on the metals em- 
ployed in the construction of pressure ve.ssels, and llicre appeared to 
be no objection to the use of phosphor-bronze as a bomb material. 
A plio.sphor-bronze bomb, similar in design to that used by Wheeler 
(T., 1918, 113, 855), but with 3/8 inch in thickness of walls and 
without the manometer, was obtained from Chas. Cook, the Man- 
chester University Engineering Works. Tliis was 3'988 litres in 
capacity and held a vacuum for twenty-four hours without appreoi- 
able leakage. A httle vasehii was all that was necessary to make 
the joint gas-tight. It was found, however, that a lo&s of gas 
occurred at the large joint (annealed copper washer) at the momLt 
of explosion, but as the joint held a vacuum after the experiment, 
this leakage was not a serious disadvantage. 

(c) Memrement of Erasures.— Before the gas was introduced, 
the bomb W'as evacuated to a pros.sure of 1 mm. by means of a 
Cenco-Nelson oil-pump, and the pressure read off on a small McLeod 
gauge. The dry nitrogen was then introduced, and since the 
pressure did not reach 1 atmosphere, the measurement of this 
offered no difficulty. The acetylene was introduced directly into 
the bomb up to a pressure of 34 atmospheres, and after allowing 
time for the mixing of the gases, a sample was taken for analysis 
and the pressure mea«u.red accurately. For this purpose a new 
type of manometer was constructed, capable of reading up to five 
atmo, spheres. The principle adopted was to expand a known 
voume of the gas, at the pressure in the bomb, to approximately 
a mospheric pressure and to measure the new pressure on a mercury- 
gass manometer. A diagram of the manometer is given in Fig. 1. 

e apparatus consists of a series of glas.s bulbs A to S closed at 
Oth ends by two glass-to-metal taps A and At (J. Soc. Chem. Ind., 
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1920, 39, 247t) and attached to the manometer E. The volumej 
enclosed by mercury between the blue-glass tips a, b, c, and d and 
the tap A, were accurately determined. 

Before the experiment, the apparatus is filled with mercury up 
to the tip a, and the tap B is closed. The gases from the bomb 
are then admitted into the first bulb, and the tap A is closed. Since 
in these experiments the pressure of the gas was 3 — 3-, 5 

spheres, it was allowed to es. 

Fk;. 1. pand to the blue pointer, c, by 

opening the tap B and adjusting 
the level iii E. The pressure 
was calculated from this leiel 
and the ratio of the volume of 
the bulbs. No correction wa.s 
applied for the increase in 
volume in the first bulb, due to 
the compression of meroiirv 
and glas.s, ‘since tlie order of 
accuracy required was le.ss than 
1 in 101)0. 

Explosion of Gases. 

The explosive mixture was 
fired by the fusion of thin iron 
wire placed acro.ss the terminal.s 
in the centre of the bomb. 
Occasionally loss of gas occurred 
on explosion, which was de- 
tected by the smell of hydro- 
cyanic acid. The joint, how- 
ever, tightened up immediately 
and held a vacuum after the 
experiment. The bomb was 
distinctly warm to the hand 
after the explosion, and a 
marked difference in the temperature of the. thin metal parts was 
observed in experiments on the explosion of pure acetylene and that 
of a mixture containing 20 per cent, of nitrogen. 

This behaviour would be explained by different rates of burning 
of the acetylene and nitrogen mixture. In experiment XIV , with 
14 per cent, of nitrogen, it is evident that the explosion was incom- 
plete. 
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Analysis and Measmment of Volume, of Oases. 

On account of the loss of gas (0-5 per cent.), the volume of the 
gases was measured after the explosion. The gases were led through 
bubblers (A, Kg. 2) to remove hydrocyanic acid and ammonia 
into a large aspirator, I\ filled with a water manometer. The 
pressure in the aspirator was maintained at atmospheric, throuohout 
and the volume of the gases was measured by a determiimtton of 
the water displaced. The first litre of ga.s, containing air from the 
bubblers, was measured and rejected. The remainder of the gas 
was collected in the aspirator and a portion analysed as a check 
Some acetylene dis,solved in the water, and Ihe percentage of thi.s 
gas was therefore low. For comparison, a sample was taken 


Fro. 2. 



directly from the bomb after the pre.ssnro liad fallen to two atmo- 
.spheres, and except for the slight difierence due to the removal of a 
perhon of acetylene in the first sample, the two analyses were in 
good agreement. 

The ga8e.s in the bomb were dealt with in this way at pressures 
from three down to one atmo.sphere. From this point they were 

Urt T"' 

mount of water present, it was important to eliminate the hydro- 
jaiuc acid, ammonia, and W'afer by means of liquid air, D before 

CO tatnc H- f transmitted through the bubblers, C, 

g dilute acid and alkali, to the aspirator. 

for thf* V gases obtoined in this maimer, corrected 

*ul2r N 'J-r-. 'vas used in 

g he percentages of ammonia and hydrocyanic acid. 

»dmilM T?‘r air 

- Iid the bomb further evacuated. This was done as a 
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precaution, but the quantities of hydrocjranic acid removed at this 
stage were negligible. 

The gases condensed in D were evaporated into the bubblers. .4 
and the solutions in C added to the respective solutions in A. Xijp 
amounts trapped in C were negligible, showing that the whole of the 
hydrocyanic acid had been removed by liquid air. 

The connecting tubes were all glass except where joined to the 
metal tube from the bomb by a short length of rubber tubing. 


Hydrocyanic Acid and Ammonia. 

It was found th.at hydroe}’anic acid could be estimated by dh 
tillation from O-u per cent, sulphuric acid solutions without appreti. 
able hydroly.sis. The gases could thus be absorbed in a series ol 
bubblers, A, containing normal acid and dilute alkali. The aeij 
solution containing hydrocyanic acid was then distilled into ultsli 
and the whole of the hydrocyanic acid solutions were corabinrd. 
The ammonia was estimated in the u.sual manner; the back-titration 
method gave the same result as the direct method. The hydio- 
cyanic acid was estimated by {a) silver nitrate with potassium iodide 
as indicator (Denige, “ Clas.sen,’' Anal. Chem. p. 675), and [ij 
iodometrically (Fordos and Geli.s, J, Phxrm. Ckim., 1853, [iii], 23, 
48). The result obtained in (n) was usually {»'5 per cent, higher 
than that in (5); the mean value wa,s haken. 

The possibility of the loss of hydrocyanic acid by oombiiiatioii 
with the metal of the bomb must not be overlooked, but from the 
ease with which the results were reproduced (these are independciii 
of the time the gases remain in the bomb) it appears that no appro 
ciable action has occurred. Also, the interior of the bomb was a- 
bright at the conclusion of these experiments as at the begimiiiig 
It was anticipated that the liquid hydrocyanic acid collected in the 
liquid-air tubes would show some tendency to polymerisation 
but this was not found to be the. case. 

The carbon residue was analysed for hydrocyanic acid and 
ammonia, but these tv. o gases were not present. 


Permanent Oases. 

The acetylene, hydrogen, and nitrogen in the residual gases were 
estimated in a constant- volume apparatus. Some difficulty w- 
esperienced in estimating the nitrogen with sufficient accuracy ; 
the explosion method. In the later experiments, however, alt« 
the removal of the acetylene, the hydrogen was absorbed ow 
copper oxide in a quartz tube, pure carbon dioxide being use « 
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wash out the tube and to drive the gas into the measuring apparatus. 
Pile percentage of nitrogen was in good agreement with tlie cal- 
culated value (Table II). A little carbon monoxide could he 
detected in some of the experiments. Benzene and other con- 
densed substances could only have been pre.sent in .small amounts. 


Discussion of Hcsults. 

The experimental data ai-e given in Tables I and II, the .Roioan 
numerals indicating the order in which the e-xperiments were 
performed. The results of all the experiments are given. 


Table I. 


N'o. of 

Initial 

Initial 

per- Initial Final 
ceutago pressure pi‘es.^uro 

C.c. of 

C.c. of 

Total 
volume 
of g.-wes 

expt. 

temp. 

of N. 

jn atm. 

in Jitin. 

Hex. 

XH,. 

in c.c. 

II 

]r 

2-97 

3-21 

3-05 

(108-7) 

(^3) 

121,80 

XII r 

— 

3-12 

— 

3-24 

203-0 

14-2 

12940 

I 

u 

:M5 

3-22 

3-0.) 

(123-0) 

(4-0) 

12180 

ill 

14 

3-29 

3-24 

3-10 

(188-9) 

{8-0) 

12400 

XI 

l(i 

5-29 

3*24 

3-27 

282-8 

IS'7 

13090 

ni 

13-0 

57 1 

3-22 

3-20 

284-9 

lti-3 

13000 

V 

10 

9-GC 

3-20 

310 

340-1 

10-S 


VIII 

14 

9-71 

3-33 

3-29 

356-0 

17-7 

13240 

VI 

12 

10'44 

3-20 

3-33 

362-7 

20-6 

13310 

IV 

12‘5 

12'06 

3-20 

3-19 

371-1 



127.50 

IX 

14 

12-88 


309 

300-3 

18-3 

12370 

XIV 


14-27 

— 

3-24 

300-3 

-20-3 

12950 

X 

IVi) 

18-04 

3-20 

3-10 

m-u 

20-5 

12410 

XII 

18 

2205 

3-01 

2-95 

388-2 

10-0 

12010 


The first three experiments I, II, and III may be disregarded, as 
ill these eases the method.s of analysis had not been completely 
ivorked out. With two exceptions the pressures of the mixed 
gases lie between 3-21 and 3-2C atmosphere.s. It will be ob.served 
that the volume of the hydrocyanic acid increases with the quantity 
of nitrogen in the gases, whereas the ammonia is almost constant 
throughout. The volume of gases given in the last column of Tabic 1 
includes the hydrocyanic acid and ammonia. 

The carbon dcpo.sited in the bomb w'as removed, mixed with 
copper oxide, and heated in a stream of carbon dioxide, and the 
amount of nitrogen present was determined. The volume of the 
nitrogen which was fixed on the surface of the carbon was certainh' 
loss than 1 c.c., that is, less than O’Ol per cent, of the total gas. 

Since the main chemical reactions, during the explosion and the 
cooling of the gases, are not accompanied by any change in the 
number of molecules of gas, the initial and the final pressures should 
0 the same. The values in the fourth and the fifth columns 
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Table II. 


Percentage Composition of the Residual Gases. 


Nu. of 
expt. 

N, 

Calc. 

Oba. 

H,. 

Calc. 

Obs. 

HCX. 

NH 3 . 

2-;ii 

JI 

2*25 

(2-39) 

93-0 

(93-4) 

1-38 

0-060 

XIH 

2-28 

2-41 

94-1 

94-0 

1-oT 

O-llO 

1 

2-«3 

— 

94-2 

— 

1-01 

0-033 

2ili 

2':u 

24s 

IJl 

2-40 

(2-77) 

93-4 

(93-1) 

1-52 

0-065 

Xl 

4-13 

4-34 

91-2 

91-0 

217 

0-143 

Vll 


(4-67) 

91-3 

(91-2) 

2-19 

0-125 

V 

H-2'i 


SO-:? 

(SO-0) 

2-69 

0-133 


vni 

8-28 

(8'43)* 

80-8 

80-7* 

2-72 

0-135 

- 11,5 
2'11 
229 

VI 

9‘0(l 

(9-.12) 

s.vs 

(S0-.5) 

2-73 

0-154 

IV 

10-01 

(10-81) 

83-4 

(83-7) 

2-91 

— • 

2',)ii 

TX 

11-34 

(11-49) 

S3-.^ 

(83-3) 

2-92 

0-14S 

2'L' 

XIV 

12-80 

12-4() 

7S-T 

79-0 

2-78 

0-157 

5'd|j 

X 

10-42 

— 

78-1 

— 

:j-o: 

0-1G5 

d.<(i 

XII 

20-33 

19-02 

74-3 

74-7 

3’24 

0-141 

i-5ti 


* H 3 ’clrogen estimated by tlie palladium method; the other valued in 
brackets were obtained by the explosion method. 


Tari.e III. 


Xo, of 

N, 

[NIU 

[NH,] 

[HCNP 

[HCXl 

expt, 

(Calc.) 

(Hrxr 

LH.JiTlCXj* 



xiir 

2-28 

0-070 

0-00074 

0-0115 

0-U12G 

XI 

4-13 

0-006 

0-00072 

0-0125 

Q'0141 

VII 

4-55 

0-057 

0-00003 

0-0116 

Q-013: 

V 

8-25 

0-049 

0-(M305? 

0-0101 

0-0142 

VllL 

8-28 

O-UoO 

0-00057 

0-0103 

0-0143 

VI 

9-00 

0-057 

0-00060 

0-01)97 

0-0141 

IV 

lO-Ol 

— 


0-0095 

0-0145 

IX 

11-34 

0-051 

o-oooci 

O-OUDO 

o-ouo 

XIV 

12-80 

0-0.57 

0-00072 

0-0077 

0-0133 

X 

16-42 

0 - 05:1 

0-00068 

0-0074 

0-0140 

XII 

20-33 

0-044 

0-00059 

0-0069 

0-0143 


(Table I) shotv the degree of corrc.spondeiice between the initial and 
the final pressures mea.surcd at 0°. In general, the final prtssurea 
are somewhat lower, e .eept in experiment VI, where it is pssible 
that a leak of air inwards occurred during the measurement. The 
difference between the values is due, as previously mentioned, to 
the leak of gas at the moment of explosion. 

In Table II is given the percentage composition of the re.sidna] 
gases. The nitrogen and hydrogen figures, columns 2 and 4, are 
obtained by difference, and these ma,f be compared with the ex- 
perimental figure.s in the next columns. The agreement is withiJ 
experimental error. The explosion method of estimating hydrogen 
not sufficiently accurate, many results being necessary to 
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jbtain the arerage value given in the .tables; consistent results were 
jbtained only by burning the hydrogen with oxygen over palladium 
,t alone over copper oxide. 

In order to arrive at the gas reaction constants in Table III, the 
calculated percentages of hydrogen and nitrogen have been 

uuployed, 

111 Fig. 3 the percentage of hydrocyanic acid is plotted against 
residual nitrogen. A smooth curve is obtained, which suggests a 
logarithmic relationship, possibly due to adsorption phenomena. 
Xhe ammonia is almost constant throughont. The acetylene in 
the residual gases varies iiTegularly between l-lo and 2-76 per cent. 
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p:r cent. 

except ill experiment XIV : [H’r cent.). A« a small percentage 

if acetylene, in the neighbourliooci of the walls and ignition plugs, 
mist ciioape combustion, this iiTeguIarity is to be expected. In 
bpeiiiuent XIV, however, explosion was less complete than usual. 
jimiUr percentages of acetylene are, however, frequently found in 
pgase,‘s from explosive processing, so that a poiiioa of the acetylene 
p the above experiments is doubtless due to a combination of 
fyiii'ogen and carbon at the high temperatures in the bomb. 

Gdndimoiis. 

dlie chemical reactions which occur during the explosion of a 
ixture of acetylene and nitrogen are rendered fairly clear by 
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Waitcnljcrg's theoretical analysis of the possible reactions (foe, cin 
Acetylene may decompose according to equation (1) or (2) : 

(1) Cy ij = 2C + — 53000 cals. (C amorphous). 

(2) ( ’ 2 H 2 + Na = 2HCN - 2400 cals. 

The former is undoubtedly the principal reaction which occurs 
for otherwise heat would not he liberated during the explosioj’ 
If this reaction goes to completion, and no dissociation of hydroofi, 
occurs, it may be calculated that the temperature of explosioiuj 
pure acetylene is 3140°, whilst that of a mixture containing 10 ptj 
cent, of nitrogen is 3050°. In neither ca.se can these temperatuTEs 
Ire completely realised, for reaction (1) is reversible at high temper, 
atures. This holds particularly for mixtures of nitrogen auf 
acetylene, for not only can these substances react according to (2) 
but also the products of dissociation of acetylene will combine iritl 
nitrogen according to (3). 

(3) 2C + Hj + Nj = 2HCN — 55400 cals. (C amorphous). 

Both of these reactions take place with absorption of boat, so that 
the theoretical ma.ximum of temperature is never reached. 

At the temperature of exjjlosion, therefore, the principal prodiifts 
will be carbon, hydrocyanic acid, acetylene, hydrogen, and nitrogHi, 
During the process of cooling to room temperature, reaction (Ij 
and the back reactions of (2) and (3) will take place, and the per- 
centages of the gases in the cooled mixture will depend on therah 
of cooling. The rate of cooling determines the “ chilling interval" 
during which the chemical reactions are arrested, and we should 
expect the mixtures containing high percentages of nitrogen, on 
account of their .slow rate of explosion, to be chilled at a lover 
temperature than nearly pure acetylene. It does not seem possiblr 
to decide between equations (2) and (3) from our results, thongli 
(3) gives a better constant. Wartenberg (Table IV) showed thal 
the equilibrium constant of equation (3) decreased w ith decrease in 
temperature. 


T.able IV. 

Temp. K- 

2148" abs. 0‘0097 

2025 0-0041 

1908 0-00137. 

It is found in our experiments that the relation [HCSj^/lHElhi 
varies from 0-0124 with 4-13 per cent, of nitrogen to 0-0069 witli 
20-33 per cent, of nitrogen. The former corresponds w'lth t»t 
equilibrium constant at approximately 1950°, and the latter mt 
that at 1800°, whence it appears that the reactants 
chilled at a lower temperature in the mixture containing - P' 
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cent- of nitrogen. Tlie effect of rate of cooling on the equilibrium 
constant is, howeYer, much greater than in the case of the water- 
^as reaction (Andrew, T., 1914, 105, 444), and the explanation of 
this perhaps lies in the nature of the heterogeneous reaction (3). 
I'he temperature coefficient of this reaction may he unusually large. 

It is found that the empirical equation 

rifrNi 

rii uv ia? = “ constant = 0-014 
[■“site's! 

holds over the range 4 to 20 per cent, of nitrogen. No explanation 
of this relationship can be given at present. 

At lower temperatures, in the neighbourhood of 1300=’ and 1000° 
respectively, reactions (4) (Bergmann, J. Gusbckudit., 1896, 117), 
and (5) may take place to an appreciable extent. 

(4) HCN + — C + NHj 39800 cals. (C amorphous). 

(5) Nj + SHj = 2N’H3 -f- 24100 cals. 

The calculations in Table III show that [XIIJ/[Hj][HCN] is a 
constant within the experimental error of the ammonia estimation, 
indicating that hydrocyanic acid is the source of the ammonia. 

Summary. 

Mixtures of acetylene and nitrogen have been exploded at constant 
volume, and up to 3-24 per cent, of hydrocyanic acid has been 
found in the gases from the rxplo.sion. The results throw light upon 
the mode .of production of hydrocyanic acid and ammonia in tlie 
cooling gases. The reaction constajits for the equation 

Ej + Xj -f 2C - 2HCX 

are found to vary between 0-0124 for 4-13 per cent., and 0-0069 for 
10-33 per cent, of nitrogen in the residual gases, corresponding with 
a ‘chilling ” temperature of 1950° and 1.800° respectively. 

The relation p^|^j|i. 37 = O’Old has been found to hold for an 

explosion of mixtures of nitrogen and hydrogen at 3 atm. pressure 
in a closed vessel of 4 litres capacity. 

The concentration of ammonia bears a close relation to the con- 
centration of hydrocyanic acid, and it is probable that this gas is 
produced according to the equation 

HCN -L T^2 ^ ^^3 d C. 

A type of manometer is described for the measurement of 
piessures up to five atmospheres. 

The authors are indebted to Professor P. G. Donnan for kindly 
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CCXIX . — Physical Chemistry of the Oxides of 1(^,1 
Part II. The Supposed Enantiotropy of hail 
Monoxide. 


By Samuel Glasstonb. 

Previous authors (Ditto, Compt. rend., 1882, 94, 1310; Geuther, 
Annalen, 1883, 219, 56; Ruer, Zeitsek. anorg. Chem., 1906 50 
26S; Germs, Diss. Groningen, 1917) state that two enantiotiopic 
forms of lead monoxide (red and yellow) must ho clearly distinguished, 
Ruer (loc. cil.) suggested that the red (and reddish-brown) form 
of lead monoxide was stable at all temperatures below 620°, whereas 
the yellow form was stable only above this temperature. This 
suggestion was based on the fact that the red and the reddish- 
brown forms, if heated to 720° (at least) and 620° respectively and 
then allowed to cool, generate the yellow form . The reverse change 
could only be brought about by grinding, or by heating with con- 
centrated (50 per cent.) alkali. The weak points in Ruer’s argu- 
ments are (o) a cooling curve -showed no break, (6) the red form 
had to be heated to a temperature 100° higher than the reddish- 
brown before it would give the yellow form on cooling, (c) a pressure 
of 2000 atmospheres would not change the yellow form to the 
reddish-brown; the grinding effect was necessary, (d) the reddish- 
brown form, either bought or obtained by grinding the yellow, 
was even more soluble 'u water than the original yellow, and (e 
the change from the yellow to the red form had never been observed 
during very slow cooling from the supposed transition point down- 
wards. Germs (loc. cil.), summarising previous work, emphasises 
the difference in colour, in density, and in solubihty. As a re.sult 
of his own heating experiments, he concludes that the transition 
point between red and yellow lead monoxide is 587°. The rate o 
change of the red to the yellow form is very slow at this poinb 
but increases as the temperature rises. The brown forms (groan 
yellow) are said to be only partly changed to red, and therefore t e 
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change back to yeUow is rapid at 587°. Attempts to change the 
yellow to the red form below this temperature failed unle.ss the 
former was brought into solution, for example, in molten potassium 
nitrate at 3o0 , no mention is made of the possible formation of 
triplumbic tetroxide in this case. 

By setting up haK-elements of the type Pb|PbO A'-NaOH, it is pos- 
sible to determine the free energy of the reaction 2Pb0 = 2Pb + 0. 
With a transition point as high as 587°, the free energy change of 
this reaction at room temperature should be very different for the 
two forms; by repeating the determinations at other temperatures, 
the transition temperature might be found by extrapolation! 
E.xpcrimental determinations, however, led to no such appreoiablo. 
differences at temperatures between 0° and 50°. Any small differ- 
onces that were found, as well as the differences in physical pro- 
perties (except perhaps density) mentioned by Ruer and by Germs, 
limy be readily explained on the ground of differing states of division 
or agglomeration. Evidence for this view is brought forward, 
and explanations for the properties of the varioas forms of lead 
monoxide are developed. 


Experimental. 

The various forms of lead monoxide and A'-sodium hydroxide 
free from carbonate were prepared as described in Part I (this 
vol,, p. 1689). 

Imi EicdmdM.— Based upon previous work liy Getman (J. 
Amn. Ohm. Soc., 1916, 38, 792), Eewis and Brighton {ibid., Pjn! 
39, 1906), Giinlher {Zeitsch. EkUrochm., 1917, 23, 197), and Krah-’ 
mer {ihid., 1920, 26, 97), the conclusion \va.s drawn that in order 
to produce satisfactory load electrodes the following points were 
to be noted : (a) electro-deposition with the n.se of a very small 
current density would give gradual and even deposition and thus 
avoid surface strains, (6) the use of an '• addition agent (Mathers 
ind McKinney, Trans. Amer. Eleclrochcm. Sor.., 1915, 27, 131) 
'ould probably produce an even deposit, and (c) a greyish-white, 
iiicrocrystalliiie deposit was desirable. 

^ Ten grams of powdered Barbadoes aloes were extracted with 
•0 c.c. of hot water by .shaking and filtering. The solid residue 
MS roughly dried and used a.s the addition agent.'’ The bath 
MS made up from 100 c.c. of water, 10 grama of pure lead nitrate, 

^ u l,rani of aloes residue di.ssolved in 5 c.c. of glacial acetic acid. 

Rahlbaum s lead were wrapped in filter paper and 
*'! solution. The cathode, jilaced between the two 
1 “1- platinum foil, roughened by sand 

‘‘I to aid the deposit in .sticking. 'An E.M.F. of 2 volts was 
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applied and a current of 4 milliamperes (current density of 2 x Ids 
amps./om.^) passed for two hours. The cathode was then removed 
well washed with recently boiled water, and immediately used in 
the electrode vessels. The deposit of lead was smooth and mieto. 
crystalline, of a light grey colour, and adliered well to the platiimn, 

Measurements. 

Electrode vessels of simple type were used; they consisted,,! 
tubes 10 cm. long and 2 cm. wide, closed at the bottom and fitted 
with side tube and tap. The various forms of lead inonrivi,], 
were filled into these vessels to a depth sufficient completely ti, 
cover the lead; the electrode solution (ff-sodium hydroxide, 
was poured in and finally the lead electrode with it.s glass tut,, 
was inserted and gently forced in so a.s to leave no air in the ves,*! 
In order to avoid the dillicnlty of diffusion potential, the potential 
of the lead half-clement was measured against that of fl» 
Hg|HgO A'-NaOH half-element, accurately defined by Donnananj 
Alimand (T., 1911, 99, 840), the same solution of sodium hydroxide 
being used in both half-elements and also in the connecting veesel. 
The E.M.F. of this combination was measured in series with and 
against a standard Weston cell, a metre bridge and capillary electro- 
meter being used for the preliminary measuremonts at room tent, 
perature. After measurements were taken, the lead electrodt 
vessels were attached to tlie spokes of a wheel revolving tweiity-foiit 
times every minute, so as to get gentle yet efficient shaking. Tin- 
vessels were removed from day to clay, and the potentials measurd 
until constant and steady values were obtained. 


Sesults. 


Scale IIjIA'-H’ 0. Jlcasurements at room temperature (ih), 
P.D. of Hg|HgO A'-XaOH 0-1140 volt at 20°. 


Form of lead 
monoxide.* 

1. Reddish-broAvn 

2. Yello^vish-green 

3. Red 

4. R. B. byKOH 

5. Y. G- by KOH 

0. Yellow 

7. Commercial ... 

8. Ground 


Time after sotting up (In days). 


0 

-C '58 
— O' 559 
-0-561 

— 0*559 
— 0'552 

— 0'553 

— 0’5o5 
-0-553 

— 0-554 
-0-558 

— 0-552 
-0-554 


1 


-0-559 -0-559 

-n-.)-58 
—0-555 
—0*553 

- 0-559 

— 0’559 


3 4 

-0-o59 
-O'o60 
— 0-559 


— 0-5o9 — 0-5C0 

— O'oOO 
-0-559 -0-5.59 
-0-560 -0-560 
-0-55S -0-558 

-0-059 -0-360 


* For the description of tlieso forma see this vol., p- lOW- 


5 


- 0 - 3 :/!' 

-O-.iliO 

-O'oWl 
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Results (continued). 

Soale HjliV-H' = 0. Me.T.HUremenfs at room tem[KTature (20“) . 
P.D. of HglHgO A'-NaOH = 0-1140 volt at 20’. 

Time after setting; up (in davi^). 

Form of lead 
mouoxide.* 

1. KedcUsh-browu 

2. Yellowish-green 

3. Red 

1 R. B. by KOH 
■), Y. G. by KOH 

f), Yellow — U-aM) 

Cminneroial ••• — O-naD — 

s. Ih'oiind .. 


7 

s 

(\ 

In Final. 




~0-;),3S 

-0-5o» 

— 0-559 - 

-O-.A.AU 

O-.A.AO -0-559 

-0-559 



0-559 

-0-559 



— 0-.5'iS - -0-558 

— 0-55S 

- 0-558 


- 0-558 




--0-5(iO 

-O-.AOO 



"O'aOO 




0*500 


Mean 


o-r.-is 

n-.'.r.u 

O-.'-.l!! 

■ 

volt. 


* For the description of these forms sec tbi^ vol, p. KiOO. 


Cunimiiig {Tran^. Faraday Soc., 1007, 2, 100) c)l)tainc(I a value 
f - 0-539 volt for the potential of the half-elt^nieiit Pi)|PbO 
yellow) .A^-NaOH at 25®, without correcting for the diffusioji potential 
letween iY-sodium hydroxide and AV-potassium chloride solutions, 
.'he Henderson formula being used, this pot-ential is caleiilatod as 
i illO volt, the sodium hydroxide side being positive. The potential 
pf the half-clement alone is thu.s — 0-55$ volt. The agreement 
vidi the result given above is .satisfactory. 


Dimmion of 

•Almost all the electrodes developed initial potential.? up to 
] millivolts more positive than the linal values, and within two or 
licfe day.s the different forms of lead Jiionoxide had become adjusted 
to give an almost identical value in each ca.se. 

The initial high values may be due to tAvo cau.se.s : {«} a meta- 
stable form of lead monoxide, being more soluble, would give higher 
initial values, which would dinjinisli as this form di-sappeared, 
6iid {b) the higher initial solubility of small particle.?. In the first 

S iie the metastable form could be present only in very small 
mount, as in no instance was any alteration of the solid lead 
lonoxide noted Avhen the steady state Avas reached. The second 
ossibility is in excellent agreement with the fact.? mentioned in 
, I [loc. cil.). Almost every form of lead monoxide contains a 
puiber of very small particles having a solubility of about 0-054 
psffi-mol. per litre. Even the red form contains some of these 
prtides, as can be shoAA’n by shaking a large amount of this form 
pth a small quantity of Y-sodium hydroxide solution ; in this 
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way a value of 0-055 gram-mol. of dissolved lead monoxide pj, 
litre has been obtained. The normally saturated solution ol lejj 
monoxide in Jf-sodium hydroxide contains 0-035 gram-mol, pj, 
litre. Substituting these two values in the ordinary formula for 
a concentration cell with bivalent ions, we find that the diflemncf 
between the initial and the normal solubility corresponds uitl, a 
potential of 5-5 millivolts, in agreement with the value aetuallv 
found (6 millivolts). 

The fact that all the forms of lead monoxide examined gavt 
almost identical values for the final potential, shows that the fi# 
energy of the reaction, 2PbO = 2Pb + Oj, is almost independent 
of the form of lead monoxide used. With the transition point of 
587° suggested by Germs (Joe. cU.), wo should expect considerallf 
differences in the free energy at the low temperature of 20°. Tlf 
fact that negligible values were obtained, which could be cxpkintd 
on the grounds of experimental error and slight differeners in 
solubility, is evidence in favour of a purely physical explanation 
for the differences between the various forms of lead monoxide, 

The question of differences of free energy was further investigatwl 
at 0° and 50°, by setting up cells of the type PbjPbO (A) A'-XaOH 
PbO (B)|Pb, where A and B represent the various forms of lead 
monoxide in turn, and measuring their E.M.F.'s in series witk 
and against a Weston cell. Slight fluctuations from the normal 
value of the standard cell were noted, which could be explained 
only on the grounds of error of experiment, 

Solubililn and Pottiitial Values. 

Although the potentials of the half-elements Pb[PbO .V-NaOE 
had become adjusted to almost identical values, yet the main bull 
of the electrode solutions varied in concentration from 0 049 1« 
0-029 gram-mol. of leail monoxide per litre (sec this voL, p. 1681) 
This appears to be contradictory at first sight ; the conccntntiuii 
that fixes the potential of the half-element, however, is that oftlif 
infinitely thin layer of solution actually in contact with the lead 
of the electrode. * Tij . latter is completely surrounded by a depolar- 
iser (lead monoxide) and of[uilibrium therefore sets in very lapic } 
at this point, thus giving normal potential values, although 1 ^ 
main solution may be unsaturated or supersatur-ated. It ® 
previously been shown that the solubility of the various fonri» » 
lead monoxide tends towards the same value, and we should t itir 
fore expect the same tendency in the potential of the alka M eu 
lead monoxide half-element. The difference in the .soinbili y « 
the red and the yellow forms, namely, 0-035 and 0-039 ™ 

per litre, would lead to a potential difference of 1-5 millivolts. 
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Definitive Mmmremenls. 

In order accurately to define the Pb|PbO A'-NaOH half-elenient, 
1„ detect such differences as given above, and to find the tem- 
perature coefficient of the half-element, P.D. determinations were 
made with a Kelvin and Varicy vernier potentiometer (Paul) 
reading to O'OOOl volt. Constant temperatures were obtained by 
means of a theiinostat at 2o-0 and a large vessel of melting ice at 0^ 
The following results were obtained five wra-ks after setting up 
Ihe electrodes, by which time the values had become quite constant. 
I’biPbO .V-IfaOH. 

Yellow Form (Pixxhict No. 2). 

2.5° (JO 

- 0'5o97 volt. .. 0-o.il2 volt. 

- 0‘5598 ,, — 0*5514 

- 0*5599 „ _ 0*,5514 „ 

- 0*5597 „ _ 0*5512 

Mean — 0*5593 „ .Moan -0*5513 ” 

rho temperature coefficient is — 0*1X1034 volt /degree. 

Red Form (Proiluet No. 3). 

- 0*5819 volt. - 0-.3537 volt. 

- 0*5620 „ _ 0*5536 „ 

- 0*5623 ,. _ 0*5o42* „ 

- 0*5621 „ _ 0*5538 „ 

Mean - 0*5621 „ .Mean - 0*5.537 ,. (value * omitted) 

The temperature coefficient is - 0*000336 volt /degree. 

Ill order to obtain reiiroducible results two conditions are neces- 
ary: (1) the lead electrode must be completely covered by the 
lepolariscr, and (2) the latter .should not be disturbed in any way, 
p that true equilibrium may be e.stablishcd. Vessels of tbe type 
Ised for the HgjHgO half-element are recommended. 


The Effect of Carbonate. 

(») In the Alkah.—So far as was investigated, .sodium carbonate 
1 piantities up to 3*0 gram.s per litre had no effect on the P.D. 
• die PbjPbO electrode (see also p. ] 924). 

the Lead Momn-iik.-The effect in this case was to give 
In* ior example, - 0*550 volt, which only 

p . gradually diminished in the course, of a month. In order to 
reproducible haff-elements, the lead monoxide used must be 
Jrom carbonate. 


: Density DeUrmimtions. 

Mruoxidel ’ ‘he yellow forms of 

I e always have a higher density than the red. Prom 
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the many values given by Dammer (“ Anorganische Chemie,” pj 
pp. r)20 et scq.) it appears that the density of any form depends on 
its method of preparation (compare Ditte, he. oil.), and that soof 
forms of the yellow oxide have densities even lower than that of 
the red. A scries of experimental determinations, care being tahfj 
to avoid occluded air, confirmed this conclusion. 

De.mitu at 20’ compared with the density oj water at 4’. 


Colour. Preparation. 

(i) Ked. Product No. .1. B-og' 

(ii) Ecdclish-brown. Product No. 1. 9-23 

(iii) Vrtlow. 3% boiling NaOH on Pb(OH)j 9.25 

(iv) „ 10% „ „ .. 9'39 

(v) Yellowish-given. 20‘’o „ „ - 9', 52 

(vi) Yellow. Nti.OH on boiling basic acrdatc. 9-41 

(vii) „ Commercial oxide, heated. 9-20 

(viii) ., Product No. 1, heated. 9-, 53 

(ix) Koddish-brown. No. viii, ground. 9'33 

(x) Yellow. No. ix, reheated. 9‘5l 


On the whole, no definite conclusions can be drawn from density 
measurements; wc may compare tlie case of magnesium oxide, 
where the. density is found to depend on the previous history of 
the specimen (Parravano and Mazzetti, Atti R. Accad. Lincei, 1921, 
[v], 30 , i, 63). 

Heating Experments.* 

The results are summarised below. 

(1) The temperature to which any red form required to be heated 
in order to give the yellow form on coohng depended on the slate 
of division. The, large red particles clianged rapidly at 650° (ven 
slowly at 600—630°); the reddish-brown form (wot method) 
changed at 600° ; the brown powders made by grinding the red 
form changed from 540° upwards, the temperature depending oti 
the state of division. Tlic supposed transition point of Gems 
(loc. cit.) is 587°. 

(2) The brown forms made by very finely grinding various speei- 
mens of ilie yellow, --equired to be heated only to 540" in ordfi 
to give the yellow form on cooling. This temperature, so lei} 
different from that of Kuer (620°) and that of Germs (587°), may 
like the density (see above), depend on the. particular form o 
yellosv oxide used in the first place. 

(3) Keeping the red form at 540° for four hours produce w 
visible change in colour. These results render invalid some o < 
conclusions of Germs (loc. cU.). 

* All temperatures were checked by means of a platinum resistance t 
meter. 
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ThPiG appGtir to bo two possible transition temperatures : [a) 
500 - 600 °, the minimum temperature neccssarj to give the 
vellow form on cooling, and (b) 350°, where the yellow colour first 
appears. A cooling curve should show a break in the vicinity of 
a transition point. A porous pot was half filled with about 300 
grams of pure commercial lead monoxide and fixed vertically in an 
e^ctric furnace. A thermo-electric junction was thrust well into 
the oxide and the whole heated to 700°. The current was then 
switched off and readings of temperature and time taken while 
the furnace cooled to 160° in three hours. No break could be 
detected in the region of 600° or at 350°, the curve being quite 
smooth along the whole of its length. 

It was noted that the yellow oxide in the pot at the end of the 
e.\-pcriment was in the form of a block, in spite of the fact that no 
obvious fusion had taken place and the original substance had been 
put in a.s a powder. The importance of this observation will 
appear later. 

Since triplumbic tetroxide, on heating, always gives the yellow 
form of lead monoxide, it appeared possible that the production 
of the latter from the red form of lead monoxide was due to the 
intermediate formation of triplumbic tetroxide, thus : 

6 PbO -i- 0^ i’PbjO, 6 PbO -f 0, 

Yellow. 

This .suggestion was te.sted in two w^ays : (a) the electric furnace 
was heated to fiOO , and a sample of the reddish-brown oxide put 
in; the rapid heating to 600°, at which temperature triplumbic 
tetroxide is completely dissociated in air, should prevent appreciable 
oxidation. On cooling, however, the product was yellow. 

(!i) The red and the reddish-brown oxides were heated in a current 
ft pure nitrogen; on cooling, the colour of both specimens was 
.veloiv. These experimenl.s proved that the colour change was 
not due to the intermediate formation of triplumbic tetroxide. 


Crystalline Form. 

Ihere appears to be some confu.sion on this point. Nordenskiold 
%. Ann 1861, 114, CIS) found the axial ratios of crystals of 
1 1 ; 0-6706 ;0-9764; he therefore con- 

1 crystals were rhombic. If the ratios had been 

been tfi ’ uiyatals would have 

:hatt paper (foe. oil.), states 

hat siv 7^1 of load monoxide resembles 

>f the fnl ' " ^'ordcnskiold, but by examination 

er in polarised light concludes that the crystal is tetra- 
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gonal. The possibility of both red and yellow forms having the 
same crystalline structure is obvious. Within recent years, two 
observers have examined natural lead monoxide ; Scott (Min. 

1914, 17, 143) states that this substance is red with a yHlowish! 
brown streak and that its optical characteristics suggest ortho- 
rhombic symmetry, and Larsen (Aimr. Min., 1917, 2, 18) states 
that the central portion of the plates of natural lead monoxide 
consists of the yelloxv, orthorhombic modification, and the borders 
of the red, tetragonal modification. At the request of the author, 
Mr. J. E. Barnard kindly examined specimens of the red, reddish- 
brown, yellow, and yellowish-green forms of lead monoxide. He 
reports that the latter two forms are certainly agglomerates, and 
that in every ca.se the ultimate constituent crystals appear to bt 
identical (tetragonal) or closely allied. 

The Agglomrate Theory. 

All the evidence so far given is in favour of the view that the 
differences between the various forms of lead monoxide arc attribut- 
able merely to the state of physical division. The red form, on 
grinding, gives brownish-yellow particles, the change of colour 
being due to increased refiection of white light, and it is here sng- 
gested that these brownish-yellow particles, when agglomerated, 
are yellow or greenish-yeUow, because the agglomerates, on gentle 
pressure with a spatula or rubbing between paper with the fingers, 
give brown particles. A striking experiment in favour of this 
view is the following. Lead hydroxide of the formula SPbO.HjO 
can be prepared in comparatively large crystals (1 mm. in diameter). 
When these crystals are heated, yellow lead monoxide is obtained, 
the shape of the original crystals being retained, but when tk 
crystals are first ground and then heated, the resulting lead monondt 
is reddish-brown. 


Expktnalion of Ike Varialmi of Colour. 

It is suggested that all forms of lead monoxide reflect grem 1# 
and transmit red, the violet end of the spectrum being absorbed. 
In the case of the yellow and the green agglomerates owing to t 
enormous number of internal surfaces, the red lig t is ® . 

internal reflection (and eventual absorption), 
the green colour is visible. With a smaller loss of ted 
yellowness would increase, whilst the larger agglomera 
be more green in colour. In the microscopic exammat 
transmitted red light could occasionally be seen. 
case to the one under discussion occurs during th p 
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of gold sols. Those sols contain green particles which, on agglom- 
erating appear brown ; the particles here probably transmit green 
li ht and reflect red, and therefore give in the reverse order the 
cfiects displayed by lead monoxide. 


Changes on Heating. 

The theory is proposed that when the comparatively large crystals 
of red lead monoxide are heated, splintering into smaller particles 
takes place at some temperature (600—650°), possibly due to unequal 
expansion in different directions. These smaller particles still 
aiiltere together on cooling and in this way form the yellow agglom- 
erates of brown particles. When the agglomerates are crushed, the 
constituent brown particles become visible. 

In the case of the reddish-brown or brown forms, at a certain 
temperature (310—600°) the very fine particles fuse ; thus a large 
number of small particles join together and agglomerate on cooling 
bv the process of sintering. Confirmation of this view is found in 
tie, fact noted on p. 1921, that powdered lead monoxide, heated to 
"00", is recovered on cooling in the form of a yellow block. Rcindors 
ind Hamburger (Zeitsch. anorg. Ghem., 1914, 89, 71) state that the 
ivailable surface of yellow lead monoxide dccreasc,s on heating 
nving to the particles sintering together. The temperature at 
.rliith sintering takes place depends of course on the size of the 
jirticles, and in this fact is found the e.xplanation of the variation 
ji the temperature to which the different forms have to be heated 
ji order that they shall give the yellow form on coohng (p. 1920). 
(The melting point of lead monoxide is given in Watt’s Dictionary 
of Chemistry, 1892, as 585 — 630° ; the latest value, given by Germs 
[lof. at.] and others, is 875°.) 

These assumptions account for the different temperatures at 
khich the conversion of the red form, and of the serie.s of brown 
ud yellowish-brown powders made by grinding this form, into the 
'elloK vai'iety occurs. The irreversibility of the change from the 
'elloff to the red form by slow cooling (compjare Germs, foe. cit . ; 
luer, foe. cit.) is obvious ; dissolution is an essential, intermediate 
tep. 

These suggestions offer explanations of the properties of the 
'arions forms of lead monoxide on purely physical grounds, without 
tvolving enantiotropio changes, 

Th Solubilitg Product of Lead Monoxide at 25°. 

Using the value — 0-562 volt as the potential of the Pb|PbO (red) 
f-XiOH electrode, and — 0-130 volt aathe normal electrode potential 
''Ot, CSIX. 3 g 
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of lead at 25° (Lewis and Brighton, he. cit.; Getman, J. 
Chem. l^oc., 1918, 40, 611), we obtained 2-27 x IQ-^^ gram.iojj pr, 
litre as the concentration of lead ions in iV-sodium hydroxide 
saturated with red lead monoxide. The hydroxyl-ion concentration 
in this solution is 0-72 gram-ion per litre. The solubility product 
of lead monoxide is thus given by 

L = [Pb"][OH’f = 2-27 X 10 X 0-72 x 0-72 = M7 x lO '-, 

The concentration of lead ions in a solution of lead monoxide iu 
xvater is approximately that is, about 0'66 X 10 ■> gram-ion 
per litre. The solubility of red lead monoxide in water is 0-26 x 10-‘ 
gram-mol. per litre. This rough comparison emphasises the un. 
certainty of the ionisation of lead monoxide in water, and the 
futility of determining the solubility of lead monoxide or hydroxide 
in water by the conductivity method (compare Plcissner, Ai. 
Kaiser. Oesundh.-Amt., 1907, 26, 384). 


The Effeel of Carbonate. 

' In order to alter the potential of the alkaline lead electrode, 
the addition of carbonate must affect the concentration of tke 
lead ions, by being present in an amount sufficient to make tie 
product of [Pb"] and [CO,"] exceed the solubility product of lead 
carbonate, which is 3-3 X lO"” (Pleis.sner, loe.. cit.). To reach the 
solubility product of lead carbonate, the CO, concentration must 

be gram-ions per litre, which is, of course, 

impossible under the conditions of working. Assuming, as ive have 
done, that the carbonate does not affect the concentration cl 
hydroxyl ions, it will have no appreciable effect on the potcrtin 
of the PbjPbO A-NaOH electrode. 


Dissociation Prensmes. 

The cell PhlPhO A-NaOH H, (1 atm.)|Pt, whose h 

- 0-562 - (- 0-809) = 0-247 volt, may he regarded as an fij Uj 
cell, with oxygen supplied at the dissociation pressure of the reacW 
2PbO 2Pb + 0,. at 25°. Using the value 1-226 volts aa tie 
M.M.P. of the H, — 0, cell with both gases at atmospheric p j 
at 25°, and substituting the values in the formula ‘ ^ „ 

E.M.F. of these gas cells with the pressure of the gases, ^ 
the dissociation pressure of oxygen produced by the deco p 
of red lead monoxide at 25° is 4-2 X 10 ” atm. 

By the use of Nemst’s theorem, the dissociation press 
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■alciiiatpcl when it is known that tlie heat absorbed in the dis- 
ooiation is 100,600 calories per gram-mol. of oxygen (Thomsen) ; 

result obtained is 1-9 X IQ-*’ atm. at 25°. Considering the 
low order of magnitude of the.se values, the agreement is satisfactory. 

I'he temperature at which the dissociation pressure in the above 
reaction is ecpial to 0-21 atm. is the temperature at which lead 
monoxide will decompose completely if heated in air. This tern- 
1 g can he calculated by three methods, it being assumed 
that both lead monoxide and lead remain solid. 

Mfihod 1.— If the colls Pb|PbO alkali H^IPt and (1 atm.) — 

I (0''U atm.) arc imagined to have their temperature raised until 
loth have the same E.M.F., we know that at this temperature 
sad monoxide will have a dissociation pressure of 0-21 atm. The 
■ \I.F. of both those cells is known at 2.5°, and their temperature 
^efficients may be calculated by applying the Gibbs-Helmholtz 
‘quafion to the known heats of reaction. Assuming that these 
'oefficients remain constant over a considerable range of tern- 
peratore, we find that the E.M.F.’s would become equal at 2600° 
lbs, At this temperature lead monoxide would completely decom- 
pose if heated in air. 

Hitkd 2.— Using the integrated form of the van't Hoff isochore, 
where partial pressures arc involved, we get R log, Kf = - ^ + C, 

where Q, is the heat absorbed, and C is an integration constant, 
i'lie latter can be evaluated as follows. If the ratio of the con- 
lentrations of lead monoxide and lead can be considered constant 
It all temperatures, we can replace Kj, in the above expression by 
to, at any temperature. For 298° abs. we have found that po, is 
iqaal to 4-2 x 10'®’, and taking Qp as 100,600 cals., we obtain 
t - 32 0, Assuming that Qp remains constant, it is found that 
1 ;, is equal to 0-21 atm. at 2860° abs. 

}lflM 3.— Stahl {MetaUurgie, 1907, 4, 682), using Nernst’s 
mula, has calculated that the temperature at which the pressure 
I oxygen in the system under diseu.s.sinu becomes equal to 0'21 
tni. is 2348° abs. 

Considering the approximations involved in connexion with the 
resures of lead monoxide and lead, and with the various heats 
I reaction, the agreement between the three methods i.s good. 


Rent of tJie Reaction Pb + lOj (1 atm.) = PbO at 25°. 

Iffis value can be calculated from electrochemical data by the 
Se of the Gibb,s-Helmhoitz equation. The E.il.F. of the cell 
(red) A'-NaOH H^IPt is 0-2469 volt at 25°, and 0-2603 

3 17 2 
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volt at 0° (from the known potentials of the two electrodes). The 
temperature coefficient is thus - 0-00054 volt/degree. The total 
energy of the reaction 

PbO + (1 atm.) = Pb + H^O (liquid) 

at room temperature is then calculated as 18,790 cals, Takin, 
the heat of formation of liquid water as 68,400 cals., we ohtaii 
49,610 cals, as the heat of formation of red lead monoxide at rooni 
temperature. The thermochemical value (Thomsen) 50,300 oak. 
the form of lead monoxide not being stated, is probably less accura;, 
than the electrochemical value. 


CakuMion of E.M.F. by Nermt’s Theorem.. 


Using the method of Nernst (Siizungsber. K. Akad. Wks. Balk 
1909, 247), it is possible to calculate the E.M.F. of the cell Pb|PbO - 

HjlPtatO". The reaction involved is 

PbO + = Pb + HjO, 

the water being in the form of ice. For this reaction at 11=, ivi 
have : 

Qt = 68,400 (H,0) + 1580 (ice, water at 17°) - 50,300 (Pb,0) = 
19,680 cals. 


The molecular heats of reactants and resultants are taken as lit 
for lead monoxide. 6-8 for hydrogen, 6-4 for lead, and 9-5 for i» 
The difference between the molecular heats of the reactants ui 
of the resultants is 2-7 cals., leading to a value of - 0-0014 ot : 
(Nemst, loo. cU.), and thus = 18,783 cals. Assuming that fe 
-chemical constant” for hydrogen is 1-6, we obtain the fi, ■ 
0-251 volt as the E.M.F. of the above cell at 0 . The expcnmr.i 
value is 0-260 volt at 0°, with water instead of loc as one of . 
products of the reaction. The heat of taDiatmn of lead 
being taken as 49,fd0 cals, (see above), the E.M.F. 

Using a more ap proximate method in which 

18,430. The value for the E.M.F. of the cell a 
volt the actual experimental value being 0-247 vo . 


Summary. 

' (1) The results of measurements of aoMsi 

potential are not in harmony with the theory th 
is enantiotropio. 
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(2) The temperature to which the red form of lead monoxide 

bas to be heated in order to give the yellow form on cooling, depends 
on the state of division of the former. ' ’ ^ 

(3) Crystallographic evidence is shown to be very confusing 

(4) The difference in properties of the various form.? of load 
monoxide is explained on the ground.s of degree of sub-division or 

agglomeration. 

(5) The solubility product of red lead monoxide is M7 y in-'s 
at 2a°. 

(6) The dissociation pressures of oxygen derived from lead mon- 
oxide are calculated by various methods which give good agreement 

(7) The heat of formation of red lead monoxide is 49 610 calories' 

(8) The E.M.F.'b calculated by Nernst's theorem are in good 

agreement with the e.xperimcntal values. “ 


The author desires to thank Professor Allmand for suggesting 
the work and for criticism and advice, and also hfr J E Barnard 
for kindly undertaking the cry.stallographic examination of the 
various forms of lead oxide. 
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KXX -Investigations into the Analgikal Chemistry 
of Tantalum, Columhium, and their Mineral 
Associates. I. The Use of Tartaric Acid in the 
Analysis of Natural Tantalocolumbates. II. The 
Separation of 7Arcomum from Tnnkdun and from 
( omnhiuin. 


!v Walter Ray.mond Schoei.leu and Alan Richard Powell. 

H-t confront the mineralogist 
alysis of the tantalo- and f itano-columbates. Not only are 

k seoant f elements of winch they are made up, but also 
rr^enee of f^f^lum, columhium, and titanium in 
•"W separatio'^n approximate, and 

It ^'o^onts is beset with uncer- 

Nrsisthsttlipr ff"® (^ffieulties encountered in their 

P iiot yet Quite ‘^’^omical affinities of tlie minerals in question 
r yet qmte clearly understood. 



1928 SCHOELI.ER AND POWELL; INVESTIGATIONS INTO THE 

The present research, which it is intended shall be as compj^. 
hensive as possible, aims at improving the state of our knowledge 
of these minerals by testing the accuracy of published analytical 
methods and, if possible, by improving them and devising new ones. 
For some time past the authors have been studying the hteratmt 
on the subject and investigating methods in the laboratory. Tie 
conclusions drawn by other workers in this field are frequently 
contradictory, and a repetition of some of the earber work is needed 
in order to clear up debatable points. As the authors time available 
for this investigation is limited, they have enrolled the help d 
collaborators, who will report on the result of their labours in die 
course. The whole research will form a connected series of paper, 
appearing under the above genera! title. 


I. The Use of Tartaric Acid in the Analysis of Natural 
Tanlalocohmbales. 

This section is in the nature of a preliminary communicafioi, 
being devoted to certein considerations on the analysis of tantak 
columbates and the brief description of a method of analysi 
which we have worked out and intend to elaborate more My; s 
far it has given promising results with tantaUte and columbite, 
The best known and most generally applied method for * 
analysis of minerals of this group is what will hereafter betem^ 
the pyrosulphate-liydrolysis method, that is, decomposition of tki 
mineral by fusion with alkali pyrosulphate followed by prolong^ 
boiling of the solution of the melt in order to precipitate the oinl 
acids. This procedure is by no means above criticism, but asfii 
as the decomposition of the mineral is concerned ve feel stroni! 
inclined to favour pyrosulphate as having a wider range o uaii 
ness than potassium hydroxide or carbonate, potassium hydro? 
fluoride, or hydrofluoric acid. As regards the hydro ysis o 
solution resulting from the pyrosulphate melt, this P™*? 
several disadvantages ; thus, the earth acids are no , 

completely if the a Jdity of the solution is too great; the wpie 
precipitation of the earth acids is not easily ascertame , 
precipitate— whether the acids are completely precipita c o ^ 
is always contaminated with other elements, some o u 
wholly, others partly, precipitated (silica, titania, 
antimony, iron, zirconia). It is opportune here o 
elements in presence of each other may lose their in I'l 
“ the reactions these elements undergo when they occi 
not necessarily occur when the two elements are mixe ^ 
(Mellor, “ Quantitative Inorganic Analysis, 19 • P- 
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esample, columbium by itself is most difficult to precipitate com- 
pictely by hydrolysis, but the presence of even a small quantity of 
tantalum causes complete precipitation (Meyer and Hauser, “ Die 
Analyse der seltenen Erden und der Erdsauren,” p. 183), Titanium 
has the reverse effect on columbium. as it impedes the precipitation 
(Jlellor, op. cvt., p. 420). whilst the hydrolysis of titanium is 
adversely affected by ziroonium (Hillebrand, Bull. Oeol. Survey 
V.S.A., No. 422, p. 136). Therefore, if only the four elemente 
named are present m the solution, the process of hydrolysis is a 
iufficiently complex reaction, which is at present being investigated 
The impure precipitate produced by hydrolysis must next be 
•csolved into its constituents, and this again is a troublesome pro- 
icdure. The first step consists in dissolving the earth acids in a 
luitable solvent, filtering off any residue, and again hydrolysing the 
iltrate. Three solvents are mentioned in the literature : ( 1 ) Basie 
unmonium tartrate, by Hoffmann and Prandtl {Ber , 1901 34 
; 064 ) : they merely state that the precipitate obtained after the 
lydrolysis was extracted with the compound mentioned. ( 2 ) 
llaimitol (Hauser, Zeilsch. anorg. Cliem.., 1908, 60 '> 31 . Hayjgj. 
ind Herffeld, Ceiitr. i/in., 1910, 7.68): the precipitate is treated 
Fith a 20 per cent. pota,ssium hydroxide .solulioo containing 10 per 
eiit. ot raanmtol, the insoluble gangue filtered off, and the filtrate 
teed from lead and iron by ammonium sulphide. The filtrate is 
oiled under reflux, any zirconium remaining in solution • the 
eprecipitated earth acids arc still accompanied hv titanium tin 
ctimony, and silica. (3) Hydrogen peroxide (Wei.ss''aiid Landeclter’ 
uwg. CheM., 1909, 64, 65) : the precipitate obtained b; 
e hydrolysis is digested with 10 per cent, sulphuric acid and an 
ual volume of 3 per cent, hydrogen pero.xide; the residue consists 
g V, sihca, and lead sulphate. The filtrate is again submitted 

Dlumhin ''■''i'-'’ Prccipitate.s tantalum, 

m, Itanium, tungsten, tin, and antimony; iron and 

fcoiimm remain dissolved, 

rwfcnt'"* proccs.s, it must here be rneiitioiicd that 

id L hv^r* o" *■''' solubility of tantalio 

ad thi Noyes (CUm. News, 1906, 93, 180) 

07 95 if part uiidissolved, but Giles (ibid., 

dilute livdilM™^ diswived completely “ when diffused 

droppii ^ sulphuric acid on addition of sufficient pure 

StionT' ‘P-Mrote).” In a recent com- 

2, 283 ) r' diahn and Gille (Zeilsch. anorg. Chern., 1920, 

“loo.st f tantalie acid precipitated from hot solutions 
idtlv solubh precipitated in the cold is very 

G 111 acid hydrogen peroxide; and that it reduces tlii' 
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solubility of columbic and titanic acids. They draw the conclusioj 
that Weiss and Landecker’s method is inapplicable in presence 
of tantalio acid. In view of these conflicting statements, it would 
seem that the matter must be once more investigated. 

The second step in the purification of the precipitate obtained by 
the hydrolysis consists in removing tungsten, tin, and antimony by 
digestion with ammonium sulphide (Berzelius) or by fusion witli 
sodium carbonate and sulphur (Rose). These methods have 
however been condemned by Giles {Chem.. News, 1909, 99, ]. 
Smith {Proc. Amur. Phil. Soc., 1905, 44, 40), and Elomstrand (J, 
pr. Chem., 1919, [ii], 99, 40). Giles separates tin and antiinojy 
from the earth acids by fusion with potassium carbonate, solutiDu 
of the melt in citric acid, and precipitation of tin and antimony by 
hydrogen sulphide; we propose the somewhat similar prat,, 
described below. The methods for the separation of tungsten ivill 


shortly be submitted to a critical study. 

Authors' Proposed Method . — The above considerations induwd 
us to sock improvements in the analysis of tantalum-oolumbiirai 
minerals by evolving a different process while retaining pyrosulphatt 
as a flux. The guiding idea was to avoid an initial hydrolysis for 
the precipitation of the earth acids and to attempt a preliminaiy 
purification of the solution by the removal of as many metals as 
possible, followed by a modified or improved process of hyrlroly.d!, 
Now it is well known that tartaric acid prevents the precipifalioi 
of the hydroN-idos of tantalum, columbium, titanium, etc., and we 
ascertained that a concentrated solution of tartaric acid dissoivei 
the cake from the pyro.sulphate fusion of the minerals in qucstioii 
to a perfectly clear solution (compare Powell, J. Soc. Chm.M. 
1918, 37, 28ot). We fuse 1 gram of the finely powdered minml 
with fl grams of sodium pyrosulpliate in a silica cnicible, addiis 
sulphuric acid and again fusing if the jnclt sohdifira before tlw 
decomposition is complete, and leach the cold mass « itli a so iitiei 
of 10 grams of tartaric acid in not more than 50 c.c. of water. 11* 
insoluble residue contains any quartz, cassiterite, gaiigue, W' 
sulphate, and possitev some unattacked mineral; if this should 
the case, fusion with pyrosulphate and extraction wath tsitet 
acid are repeated on the ignited residue, when all the dccomposJ u 
material is obtained in solution. The re.sidue is analysed lor » 
tin, silica, etc., whilst the combined filtrates are saturate 
hydrogen sulphide; in this manner antimony, copper, races 
tin, and any other metals of the hydrogen mmiiis 

eliminated and estimated. The filtrate, on digestion wi a ai 
and ammonium sulphide, yields a precipitate ‘ p,j: 

and uranium, as well as a small part of the manganese, i 
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be present. Manganese, as is known, is but imperfectly precipi- 
tated as sulphide from tartrate solutions (compare Mellor, op, cit., 
p. 363 ). 

The operations so far described eliminate certain rather trouble- 
some elements (for example, sibca, iron, tin, antimony), whilst 
tantalum and columbium are in solution, still accompanied by a 
number of their mineral associates. The following may be present : 
tungsten, titanium, and zirconium ; rare-earth metals and thorium ; 
aluminium, glucinum, manganese, calcium, and magnc.sium. We 
are now striving to find an accurate and comparatively simple 
method to resolve this complex mixture into its components, 

IVe have already investigated, but without success, a scheme for 
separating titanium and zirconium as phosphates from tantalum 
and columbium in tartaric acid solution. We ascertained that 
ammonium phosphate does not precipitate the earth acids from 
tartrate solutions containing free tartaric acid, even on boiling, 
uhilst zirconia is not precipitated in the cold, but boiling cau.ses 
([uantitative precipitation. It .seemed therefore possible to separate 
zirconium from tantalum and columbium by leaching a pyrosulphate 
melt of the mixed oxides with sodium hydrogen tanr.itc and adding 
ainmouiuin phosphate to the boiling solution. Under these con- 
Jilions, however, when zirconia by itself would have been precipi- 
lated a,s phosphate, no precipitate was obtained in presence of 
laiitalum and columbium, which provides another example of 
■ loss of individuality,” It was only wlicn a fair excess of sulpliurii' 
acid was added to the solution that precipitation ensued, but the 
results calculated to zirconia were too high, due to contamination 
»ith several units per cent, of earth acids. As regards titania, this 
»as only slowly and incompletely precipitated by ammonium 
lilifi'pliatc from tartrate solutions acidified with suiphurio acid. 


Summary. 

file usual procedure for the anahcsis of tantalum-eolumbium 
r.iiieral.s is briefly discussed. A new method of analysis is outlined, 
ill which the initial hydrolysis is avoided by solution of the 
liiio-sulphate melt in tar taric acid solution. 


II. Tile Separatum of Zirconium from Tantalum and 
from, Columbium. 

^^Tlie pyrosulphate-hydrolysis method, outlined in section I of 
' paper, 13 so far the only one available for separating zirconium 
lum t.jnlalum and columbium, Bailey’s hydrogen peroxide method 

3u* 
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(T., 1886, 49, 149, 481) having proved untrustworthy (Meyer and 
Hauser, op. oil.). 

A process of separation, based on an entirely different principle 
was indicated by Hauser and Herzfeld in a paper on an occurrence 
of blomstrandine in the Urals {Centr. Min., 1910, 758). They givj 
a very brief outline of the procedni’e used in analysing the mineral 
and state that they intended shortly afterwards to publish a detailed 
description of the most up-to-date procedure for the analysis of 
minerals of the earth acids — an intention which does not appear to 
have been carried out. The published method includes the following 
particulars for the separation of zirconia from the earth acids 
The mixed oxides are fused with potassium hydroxide in a silver 
dish, the melt being continually stirred with a silver spatula; the 
melt is extracted with water and the residue filtered off ; this is 
ignited and again fused as before. The insoluble residue from the 
second fusion is to be regarded as zirconia (“ ist als Zirkonerdi 
amuseh.n ”) which must, however, still be tested for the presence of 
titania. The proportions of the constituents in question are reported 
thus: CbjOj— 15-08; ' 1 X 05 = 1-30; ZrOj = 0-50 per cent. 

The wording of the above quotation referring to the purity of 
the residual zirconia is rather guarded, and as far as we know, no 
critical study of the potassium hydroxide fusion has yet been 
published. Giles pointed out (Chem. Neu-s, 1909, 99, 1) that 
zirconia was unaffected by fusion with potassium carbonate, and 
expressed the opinion that this might answer as a means of separat- 
ing zirconia from tantalum and columbium. He did not carry out 
any test separations to prove that the method was quantitative, 
We therefore decided to investigate it by working w-ith the pure 
oxides. Those of tantalum and columbium were prepared from the 
carefully recrystalliscd double fluorides, whilst the zirconia was 
obtained from recry.staUised zitconyl chloride prepared from 
zircon. 

For reasons explained below we confined ourselves almost entirely 
to the use of potassium carbonate. Tn a preliminary experiment, 
0-25 gram of each oxide was fused by itself with 2-5 grams of 
potassium carbonate in a platinum crucible ; the melt was leached 
-with hot water, the solution filtered off, acidified with hydrochloric 
acid, and boiled with a slight c-xcess of ammonia and filter-pulp ; 
the precipitate was ignited and weighed. The filter containing the 
residue from the fusion was washed with dilute liydrochloric add to 
remove any potas.sium salt, the liquid boiled, made ammoniacal, 
and again filtered through the same paper, which was ignited and 
the residue weighed; in the case of tantalum and columbium 
pentoxides this residue was again fused with 2 grams of potassium 
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carbonate, gifing a second soluble fraction and a final residue. 
It is interesting to note the ease with which columbium pentoxide 
is attacked by potassium carbonate at the melting point of the 
salt, whilst the reaction between tantalum pentoxide and potassium 
carbonate requires the heat of a very powerful blast burner. The 
weight of the final products was in excess of that originally taken 
owing to unavoidable contamination ; we were unable to obtain 
chemically pure potassium carbonate, and the best article pro- 
curable was not quite free from silica and iron. In addition, the 
crucible rvas more or less strongly corroded by the fused alkali, 
which led to further contamination by platinum. The results of 
the preliminary tests are tabulated below. 


Weight of 
substance 
taken. 
Gram. 


Weight of products. 
From From 

first second 

fusion. fusion. 

Total 

[iroducts. 

Kpinai'ks. 

0-2ol2 ZrOo 

In«olublc 

Soluble 

0-25(>2 

0-0013 


0-25f)2 

00013 

black (Pt). 

0-2503 TaaOi 

Insoluble 

Soluble 

0-0242 

0-2205 

0-0074 

0-0182 

0-0074 

0-2467 

black. 

0-2500 CbjO., 

Insoluble 

Soluble 

00000 

0-24:14 

00012 

o-ooos 

0-0012 

0-2502 

brown. 


The following procedure was used in the test separations. The 
pure weighed oxides were fused with potassium pyrosulphate in a 
silica crucible until a clear melt was obtained ; this was leached with 
water and the turbid liquid boiled with filter-pulp and a slight 
excess of ammonia. The precipitate was filtered off, washed with 
dilute ammonium nitrate solution, and strongly ignited in a 
platinum crucible. This preliminary treatment resulted in the 
production of an intimate mixture of finely divided oxides such as 
would be obtained in an aualysis. The mixed oxides were fu.sed 
with potassium carbonate (5 to 20 parts) over a powerful bla.st 
burner until the fusion was tranquil. The cold melt was leached 
with hot water in platinum or porcelain and the liquid filtered 
through closc-textured paper. It was, as a rule, nece.s,sary to 
re-filter once or even twice through the same paper, a.s the finely- 
divided zirconia gave a turbid liltrate at the start. The in.solublo 
residue was washed with 2 per cent, potassium carbonate solution. 
The filtrate was acidified with hydrochloric acid and boiled with 
filter-pulp and a slight excess of ammonia; the precipitate was 
filtered off, washed with water containing ammonium nitrate, 
strongly ignited in a platinum crucible, and weighed. The residue 
from the leaching of the melt was washed with dilute hydrochloric 
acid, the washings were boiled with a slight excess of ammonia, 
again filtered through the same paper, the latter was ignited with 

3u* 2 
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the residue and weighed ; the weighed residue was again fused with 
potassium carbonate, etc., giving a second soluble fraction and 
residue. The latter was fused a third time, yielding a third soluble 
fraction and a final residue (zirconia). The precipitates from the 
three soluble fractions (tantalio acid) were combined. In the 
separation of zirconia from columbium pentoxide only two fusions 
were made. 

The final products were purified in the following manner. The 
zirconia residue ivas fused with pyrosulphate and the melt leached 
with cold dilute sulphuric acid to prevent the precipitation of the 
small quantity of tantalic acid present. The solution was precipi. 
tated with hydrogen sulphida after addition of a little filter-pulp 
for the purpiose of collecting the platinum sulphide \ the precipitate 
was filtered off, well washed, ignited, and weighed ; it was then 
fused with a little pyrosulpliatc, the melt leached with concentrated 
tartaric acid solution, and the residue filtered off, ignited, and again 
weighed to ascertain its freedom from tantalio acid; the difference 
between the fir.st and second weight, if any, was added to the weight 
of the zirconia. The filtrate from the platinum sulphide was nearly 
neutralised with sodium carbonate, and boiled for an hour with 
sodium tliio.sulphate. The precipitate was filtered off, washed, 
ignited, leached with dilute acid, the liquid made slightly ammoniaeal, 
filtered again through the same paper, and the washed precipitate 
ignited and weighed as zirconia. 

The combined tantalic (oolumbic) acid fractions were fused with 
pyro.sulphate in a silica crucible ; the melt was leached with con- 
centrated tartaric acid solution, the residue filtered off, ignited, and 
again fused as liefore. The melt was again leached with tartaric 
acid solution, and the two combined leach liquors were treated with 
hydrogen sulphide and a little filter-pulp. The precipitate, con- 
taining platinum and any siliceous matter present, was filtered off, 
washed, ignited, and weighed. This weight was subtracted from 
that of the combined earth acid fractions, and the difference reckoned 
as tantalum (columbium) pentoxide. The table on page 1935 shows 
the results obtained. 

The figures prove that the amount of tantalic acid rendered 
soluble in the first fu'-ion was independent of the proportion of 
potassium carbonate used : in expts. 14 — 17 this amounted to 
2'5 grams ; in expt. 18, to 5 grams ; and in expt, 20. to 10 grams. 

In expt. 19, the mixed oxides were fused with 3-5 grams of 
potassium hydroxide in a nickel crucible, at fir.st gently for half an 
hour, then strongly for twenty minutes. The result shows that 
potassium hydroxide is less effective than the carbonate, w'hich it 
to be ascribed to the lower temperature at which the fusion is 
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necessarily conducted; at a red heat, the fused alkali creeps over 
the edge of the crucible, and contamination of the melt with nickel 
becomes pronounced. The use of potassium hydroxide was therc- 


fore abandoned. 

Weight of 

Bubstance 

taken. 

Weight of products. 

From From Fix)m 
first second tliini 

Total 

Purififnl 


Grams o: 

ihsod in 
uai’li 

Erpt. 

Gram. 

fusion. 

fusion. 

fusion. 

products. 

0\ir1f-s. 

T;rix>r. 

fusion. 

14 

0'2504 ZrO* Insoluble 
0'2501 TQjO, Soluble 

fi-2930 

0-2134 

0-2594 

0-0324 

0-2554 

0-0066 

0-2554 

0-2.)21 

Xot 

puriiil'J. 


(1) 2-5 

(2) 2 
(3) 2 

15 

0-2510 ZrO, Insoluble 

0-3496 

0-2G44 

0-25C2 

0-2562 

0-2630 

-i- 0-0020 

{!) 2-:, 

0-2504 Ta,Oj Soluble 

0-165t5 

0-0764 

0-0090 

02512 

0-2482 

-()•l(022 

(2) 2 
(3) 2 

16 

0-2503 ZrO, Insoluble 

0-2700 

0-2686 

0-2614 

0-2CI4 

0-2589 

+0-008C 

(1) 2-5 


0-2495 TajOj Soluble 

0-2318 

0-0039 

0-0122 

0-2475 

0-2414 

-0-0081 

(2) 2-6 
(3) 2-5 

17 

0-6126 ZrO, Insoluble 

U-0486 

00272 

0-0214 

0-"214 

0-018(5 

-fO'OOGO 

(1) 2-6 


0-2502 Ta,0, Soluble 

0-2186 

0-0205 

O-012U 

0-2511 

0-2101 

-0-0041 

(2) 1 
(3) 2-r. 

19 

0-2534 2rO, Insoluble 

0-3028 

0-272C 

0-2C82 

0-2C82 

0-25S8 

-I-0-0054 

(1) 5 

19 

20 

0-2509 Ta,0, Soluble 

0-2S11 ZrO, Insoluble 
0'2520Ta,0, Soluble 
0-2521 ZrO, losioluble 
0-2630 Ta-O, Soluble 

0-2174 

0-3475 

0-1667 

0-3083 

0-2200 

0-0342 

0-2070 

0-0086 

0-2602 

0-2470 

-0-0033 

(2) 3 

(3) S 

(1) 3-5-: 

(2) 3 ' . 
(1) 10 

21 

0-2509 ZrOj Insoluble 

0-2661 

0-25C3 


0-2663 

0'‘J513 

+0-0006 

(1) 5 

0-2520 Gb,0, Soluble 

0-2673 

00045 

— 

0-2718 

0-2511 

-0-0009 

(2)3 

22 

0-2504 ZrO, Insoluble 
0-2502 ObjO, SotuWe 

0-2551 

0-2514 


_ 

0-2051 

02514 

0-2513 

0-2498 

+0-0008 

~(j-iX)04 

G) 5 


Condusions. 

The separation of zirconia from columhium pentoxide by fusion 
with potassium carbonate is quantitative within the limits of 
experimental error. It is advisable to submit the fmiion residue to 
a second fusion. 

The separation of zirconia from tantalum pentoxide by fusion 
with potassium carbonate is less satisfactory than the preceding. 
Even after three fusions, the results show a positive error of 2— 8 
mg. for zu'conia, and a corresponding negative error for tantalum 
pentoxide. Roughly speaking, 80 to 90 per cent, of the tantalic 
acid present is rendered soluble hi the first fusion. 

The fusion method described in this section should prove more 
especially useful for estimating zirconia in columbate minerals 
poor in tantalum. It may also be apphed in the analysis of tantalo- 
columbates for checking the purity of zirconia precipitates, or 
ascertaining the presence of .small quantities of zirconia in precipi- 
tates obtained by the usual method of hydrolysis. 

The Sir John C.iss TECHNir.iL Institctb, 

Aldgatk. [Ueceifeil, Aitgud 26 (/(, 1921 .] 
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CCXXl— Catalysis of the Mutarotation of Dextrose 
by Metals. 

By William Edward Earner and Douglas Norman Jackjiax 

Tn the course of experiments on the action of an eleotroiuagnetic 
field on the mutarotation of dextrose, it was observed that a field 
of approximately 20,000 gauss affected neither the rate of ehaugf 
of the reaction nor the concentration of the equilibrium mixture. 
A marked acceleration of the mutarotation was, however, noticed 
on repeating the experiments with nickel in the polarimeter tube. 
This phenomenon was subsequently showm to be due to the direct 
catalytic activity of metallic nickel, and not to any superimposed 
olectromagnctic elfeet. Very little work appears to have been 
done on the effect of metal surfaces on the mutarotation of sugars, 
and no reference has been found in the litcTature to the eataljUc 
effect of metals like nickel. The platinum metals have, however, 
been shown by Plzak and Husek {Zeilsch. phyeikal. rjum., Iflflt, 
47, 733) to catalyse the rate of inversion of sucrose. 

The mutarotation of dextrose is markedly accelerated by catalysts 
producing hydroxyl ions, and to a less extent by hydrogen ions, 
and it was possible that the function of the metal was to supply 
one of these ions. On the other hand, the catalysis of hydrogena- 
tion processes by metallic nickel made it possible that the accelera- 
tion was caused by some surface action. The observation was 
thus of intere.st, and an investigation promised to throw light on 
catalysis by metallic nickel in hydrogenation processes. 

The greater part of the work described in the present communica- 
tion has been carried out with metallic nickel, but preliminary experi- 
ments have shown that the nickel may he replaced by cobalt, iron, 
and copper. The dextrose could also he replaced by other sugars. 
The activity of the metals was considerably increased by a pre- 
liminary oxidation and reduction of the surface, and the tempera- 
ture at which the reduction was carried out had an important 
bearing on the activity of the metal. The best temperature for 
the reduction of the iiici-cl was 340-440° ; when reduced above or 
below these temperatures, the metal shows a much smaller activity. 

The action of the catalyst was not uniform from the beginning 
to the end of the reaction ; there was an induction period in the. 
beginning, and a decline in the activity of the catalyst towards 
the end. This decline in the activity of the catalyst is a phenomenon 
which is frequently observed in hydrogenation with metallic moke 
(Willstatter and Waldschmidt-Leitz, Her., 1921, 54, [B], 113), 
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The decrease in the activity of the surface was accompanied by 
the dissolution of some of the metal. This dissolved or dispersed 
metal is still active in solution, as was demonstrated by adding it 
to a freshly prepared dextrose solution. The activity of the 
solution, however, declines slowly; a change which is probably 
associated with the formation of a compound of the metal witli 
de.xtrose. 

The surfaces of cobalt and nickel are attacked by water, with 
the formation of hydi-oxide and the liberation of hydroxyl ions. 
The surface of the reduced metal is attacked more rapidly than 
that of either the untreated or oxidised metal. The rapidity of 
production of hydroxyl ions by the metal runs roughly parallel 
with its effect as a catalyst on the mutarotation of dextrose. 
Thus cobalt, which gives rise more readily to hydro.xyl ion.s than 
metallic nickel, is also the more effective as a catalyst. 

It is difficult to state definitely the source of this hydroxyl ion. 
Since the catalysis is not decreased by the replacement of the 
oxygen in the water by hydrogen, it is evident tliat dissolved 
oxygen plays but a small part. There appear to be two alter- 
native source.s, (o) a .sub-oxide of the metal, and (//) ad.sorbed hydro- 
gen and oxygen on the surface. In the former case hydroxyl ions 
would he formed by the interaction of the oxid(' witli water, and 
in the latter case the adsorbed gases eouhl iiiiile in tin' presence 
of water to give this ion. Thus : 


Ni. 

|-H 

=0 


N'i 


Ni: 

1 

l-OH 


Ni; 


Oil' 


The catalytic activity of the metals in the platinum group is 
generally ascribed to the presence of hydrogen and oxygen. Mond, 
Ramsay, and Shields {Phil. Trnns., 1898, |d], 191, 105) showed 
that both hydrogen and oxygen can e.xist together in metallic 
jialladium. Willstattcr (foe, dt.) emphasises thi.s point and puts 
forward a theory of catalysis in which the catalyst is a compound 
of platinum with both hydrogen and oxygen. Brochet expressed 
an opinion that pure nickel is catalytically iiiactivo, and this has 
recently been confirmed by Willstiitter, who finds that the most 
readily reduced organic compounds cannot be hydrogenated in 
the presence of nickel which has been completely freed from oxygen. 
This inactive nickel can, however, be activated by priming with 
oxygen. 

It thus appears that the source of the hydroxyl ions is either 
the sub-oxide or the hydrogen and oxygen adsorbed on the nickel 
or cobalt surface. This is in accordance with the experiments 
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with oxidised metals ; the aetivity of an oxidised metallic surface 
is always much smaller than that of a reduced surface. 
explanation is also provided for the relative inactivity of metallic 
nickel, when reduced at high temperatures, for in this case the 
dis.solvcd or combined oxygen is probably almost completely 
removed. 

The catalysis by nickel is almost entirely inhibited by the 
addition of small amounts of hydrochloric acid, the elfect not 
being permanent if the acid i.s ncutrali.sed within a few minutes 
Much greater conceiitration.s of acid are I'equired to render the 
surface of cobalt passive, for in this case the tendency for the 
formation of hydroxyl ions is much greater. 

Alkali, either sodium or ammonium hydroxide, although speedinj: 
up the mutarotation, is without effect on the catalyst, the catalytic 
reaction proceeding at almost the same rate in alkaline as in pure 
aqueous solution. 

The temperature coefficient of the catalytic reaction is doubled 
every five degrees, being almost the same as the temperature 
coefficient of the normal reaction. Tt is thu.s unlikely that the 
reaction occurs on the surface of the solid metal ; for the temperature 
coefficient of such heterogeneous catal 3 rtic reactions rarely exceeds 
1'3 per 10°. The acceleration of the mutarotation must there- 
fore be due to a catalyst, present in the solution. 

The published experimental data on the catalysis of the muta- 
rotation of dextrose by hydroxyl ion are very conflicting. The 
concentrations of the hydroxyl ion are usually determined from 
hydroly.sis and dissociation constants and the calculations are 
frequently subject to considerable errors. Asaka (Zeitsch.. physikal. 

Chem., 1900, 35, 685) finds v-alues for x 10"^, varying with 

e.,u' 

the source of the hydroxyl ion; K is the velocity constant and 
Com the concentration of the hydroxyl ion. Some of the results 
are given below and it will be seen that the amounts of hydroxyl 
ion required to double the velocity constant in neutral solution 
vary between 1-0 X lO"^ and 1-0 X 10'® A’. 


urce of OH'. 

Temp, 

^ X 10-*. 
COH' 

[OH'] required 
to double K. 

Author. 

NHi-OH \ 

25° 

1*5 

1-3 X 10^ 

Oaaka. 

NH 4 CI i 
Pyridine 

0-22 

9-0 X 10“« 


Aniline 


0T9 

10-0 X ]o-« 

,y 

NajCOg 

20 

0-0133 

M X 10-^ 

Murschauser.* 


* BiocIiEM. Ztilsch., 1920, 106, 23. 

The question now arises as to whether sufficient hydroxyl ion 
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is produced by the metallic surface to account for the catalysis that 
is obtained. From Tables V and VI it will be observed that 
.V/50,000 to A^/100,000 acid is sufficient to inhibit the catalysis 
irfth metallic nickel, therefore the total amount of hydroxyl ion 
produced in the dextrose solution cannot be greater than corres- 
ponds with these concentrations of acids. These values are 
intermediate between the concentrations of Osaka and iliirschauser, 
which were required to double the rate of mutarotation. We are 
tlius unable to state definitely that the hydro.xyl ion is the sole 
cause of the catalysis, but since the concentrations of hydro.xyl ion 
produced in the polariiueter lube are of the same order as those 
found to be efiective by Osaka, it would seem that this explanation 
of the cataly.sis is the most sati.sfactory that can bo put forward. 


E X r E P. I M E N T A L. 

Purity of Dextrose . — The catalytic activity of nickel is dependent 
on the purity of the dextrose and pari icularly on its acidity. Acid 
behaves as a negative catalyst even when the coneenlration present 
is insufficient to incrca.se appreciably the rate of mutarotation. 
The greatest acceleration of the rate of mutarotation was given 
by a quantity of Kahlbaum’s dextrose which was neutral to litmus. 
Dextrose, free from acid and crystallised many times from alcohol 
and water, usually gave a lower aelivity than this dextrose. 
Dextrose from several sources, purified in different ways, could 
always be catalysed to some extent by metallic nickel. 

Purity of Nickel and Cobnli . — Nickel was used as foil and in 
the form of spheres. The former was a pure sheet nickel and the 
latter the pure metal supplied by the Mond Nickel Co. The 
surface of the metal was found to deteriorate with continued use, 
but its activity could be restored byf cleaning with emery cloth. 
Different batches of the nickel spheres varied greatly in their 
behaviour on oxidation and reduction and in their activity. In 
some cases expansion of the nickel spheres occurred on oxidation 
and cracks frequently developed. Those irrogularitie,s made the 
reproducibility of results somewhat difficult. 

The magnitude of the effect with untreated metallic nickel was 
dependent on the mamier of cleansing of the nickel surface ; thus, 
when cleaned with alcohol and ether, the surface was more active 
than when cleaned with hydrochloriB acid. 

The cobalt contained traces of iron, but was free from nickel. 

Apparatus . — The catalysis was carried out in polarimeter tubes, 
which were gently rocked on a platform between the polariser and 
the analyser by means of a crank and motor, and a constant rate of 
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stirring was secured by means of a Small opaque glass bead, which 
traversed the whole length of the tube, A constant temperature wa.s 
maintained by circulating a stream of water at 25° through the 
outer jackets of the polariraeter tubes arranged in parallel. The 
activity of the nickel surface was found to be increased by a pre- 
liminary oxidation and reduction. It was necessary to standardise 
carefully the conditions under which the oxidation and reduction 
were carried out. Gas furnaces were first employed for both the 
oxidation and reduction, but in the majority of the experiments the 
reduction was effected in an electric furnace. The active material 
was employed in several forms, Thu,s in some cases tubes of foil 
cloisely fitting the internal .surface of the polarimeter tube wno 

Fio. I. 



employed as catalysts. Nickel sphero.s of about 0-4 cm. diameter 
and strips of metal were also used. 

The readings were taken as rapidly as possible, by stopping the 
rocker and holding the tubes in position. The average time taken 
to read each tube was one 'oinute. 


Temperature, of Reduction and the Activity of the. Nickel 

Nickel spheres were oxidised, in a nickel tube at approximately 
800° for half an hour and then placed in a platinum boat and 
reduced at a constant rate of flow for one hour and cooled to 100 
in electrolytic hydrogen. The electric furnace was suspended, so 
that it could be gently rocked during the operation. 
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The appearance of the niek^ spheres after this treatment Yaried 
with the temperature of reduction; below 300° the surface was 
a dull grey, and above 340° it had a bright metallic appearance. 
The dull grey surface was rarely active. Kahlbaum’s dextrose 
was employed throughout, and the concentration of the solution 
was 10 per cent, by weight of dextrose. This concentration was 
employed throughout the work. Twenty spheres of a total area 
of 3-2 sq. cm. were used in each 2-dcm. tube. The results are 
summarised in Table I and Fig. 1. The differences between 
the polarimeter readings of the blank and of the tube containing 
the nickel aplieres are plotted against tlu' time in minutes. The 
maximum difference between the two rcarliugs usually occurred 
at about forty-eight minutes if the spheres were appreciably active. 
The maximum deviations for each Icmperature of reduction are 
given in the table, and the appearance of the .spheres i.s noted. 


Taiii.e 1. 


Temp. 

Maximum 

deviation. 

.\l>|JO{ir.Tnrr. 

Temp. 

Maximum 

d.viution. 

.\ppe.TraTice. 

r>oo" 

0-04" 

I’rii:lil. 

IPiO" 

1*8S'^* 


4fi0 

nu 

„ 

:uo 

1-84 * 


4:t'i 

l-LO 

,, 

:\H) 

0•2t> 

Dull. 

410 

1*42 

,, 

2tio 

unryi.inwei) 

Black. 

:}90 

1*20 





* Kffeets of this Mvrf* only prodnood vitli Knldbamn's dox-trosci. 

The maximum a<^tivity niuli‘r tlu*sf conflilions is olAaiiiod by 
reduction at JHO — 

Temperaivre Cof'.fjkm}! of Cafolylk Rpaciio)U 

The catalytic action of nickel on dextrose solution was com- 
pared at two temperatures, 7® and 26®, and of cobalt at 3*8° 
and 26®, The two metal slri])s of equal surface area employed 
in each experiment were cut from the same sheet, and oxidised 
at the same temperature and reduced at 380®, side by aide in the 
furnaces. The activity of the two strips was as nearly ajs possible 
the same. The temperature of the polarimeter tubes was maintained 
at the above values by streams of water through the outer jackets. 
The maximum deviation between the polarimeter readings of the 
blank experiment and the tube containing the metal was greatest 
for the lower of the two temperatures; thus a deviation of 1-46® 
at 7° against 0*87® at 26° occurred with the metallic nickcL These 
deviations are not a measure of the relative speeds of the reaction, 
as will be seen from tbe velocity constants over the first three- 
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quarters of the reaction, given in TaWe 11, The velocity constants 

are calculated from the formula, K ~ log - 

t ^ a ~ X 


Tablk II. 



Maxiiraim 

K 

K 

^letal 

Metal. 

Temp. deviation. 

Blank. 

Metal. 

t^lank 

Nickel 

7® 

1-46° 

0-00160 

0-0022G 

1-41 



0-87 

0-0119 

0-0173 

l-4o 

Cobalt 

s-s" 

■1 If) 

0-0()l34 

0-00369 

2-7fi 


26^ 

2-o5 

00124 

0-0340 

2-74 

The ratio 

. K metal . 
A" blank' 

s the .same at the two temperatures, showing 


that in the cases of both nickel and cobalt the temperature coefficient 
of the eatab'tic reaction i.s almost identical with that of the normal 
reaction, '<u'he velocity constant is thus doubled for every 5° rise 
in temperature. 


Dfleriorntion of the Aeihiiy of the Surface. 

The deterioration of the surface with time is mainly caused by 
, the dissolution of the active metal. The nature of the effect can 
be seen from the following typical results. 

The metal after u.se in one experiment was immediately washed 
with dextrose solution, transferred to a newly-made solution, and 
the rate of mutarotation determined. When nickel spheres were 
used, the activity of the metal was completely destroyed after 
use in one experiment, but with the more active nickel and cobalt 
strips, the metal still possessed ro.sidual activity. The following 
mean velocity constants for the first hour of the mutarotation 
illustrate this effect. 


Table III. 


No, 

Temp. 

Melul. 

K. 

K. 

]. 

20" 

Nickel fresliV reduced. 

0-0144 

used again. 0-0122 

2. 

25 

Blank. 

0-0114 

0-0113 

3. 

27 

Cobalt freshly reduced. 

0-0245 

used again, n-0177 

4. 

27 

Blank. 

0-0122 

U'0122 


Since it was possible that the activity of the metal had been 
transferred to the solution, the liquid from a previous experiment 
was mixed with a freshly prepared solution of dextrose. When 
the spheres w’ere used, the solution was frequently inactive, but 
occasionally the liquid itself contained active material, which was 
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able to catalyse the speed of reaction of a fresh solution. Thus 
in the two experiments above, when 50 per cent, of the solution 
from (1) or (3) was added to a fresh dextrose solution, the rates of 
mutarotation were greater than when 50 per cent, of either of the 
solutions (2) and (4) was added to a fresh dextrose solution. 
From (1) .S' = 0-0129, (2) A' = 0-0113, (3) Z = 0-0153 and 
(4) K = 0-0122. 

Kahlbaum’s dextrose recovered by evaporation of the aqueous 
solution to drynefis, gave the normal velocity of raiitarotation, 
although it contained nickel. 

The metal goes into solution as hydroxide, for both hydroxyl 
ions and the metal cations can be detected in the solutions. A 
freshly reduced cohalt surface is rapidly attacked by distilled 
water, liberating hydroxyl ions. The effect with untre.atcd or 
oxidised cobalt is much smaller. The concentration of hydroxyl 
ions in the experiments with cobalt and dextrose -was about 
NJiOfiQO at the end of the mutarotation, and this concentration 
is sufficiently great to account for the observed catalytic effect 
(Hudson, J. Amer. Chem. Soc., 1907, 29, 1574). 

fvickel slo'vvly gives hydroxyl ions with water, but no hydroxjd 
ions could be detected in the dextro.se solutions by means of litmus, 
even in the middle of the, experiments. Since the alltalinity of 
the dextrose solutions slowly decreases on keeping, it Is probable, 
that, in the case of nickel, hydroxyl ion is only present in the 
neighbourhood of the nickel surface. 


The EjfeH of Dissolved O.ryyen. 

Since water containing oxygen attacks cohalt and nickel, it was 
possible that the oxygen dissolved from the air was responsible 
for the catalysts. Water was freed from oxygen and carbon 
dioxide by boiling, and saturated with hydrogen. When the water 
had cooled to the ordinary temperature, dextrose w-as introduced 
nithout admitting any air to the apparatus. The solution of 
dextrose was rapidly transferred to a poiarimetor tv.be containing 
either reduced nickel or cobalt. At the same time, a dextrose 
■solution was made up in distilled water saturated with air, and 
the effect of a strip of metal determined. The two strips were cut 
from the same sheet and were reduced side by side. 

The cataly-sis was somewhat greater in the boiled solution than 
in the solution containing air, possibly owing to the removal of 
carbonic acid, which when present would reduce the hydroxyl-ion 
coucentration. It is thus clear that the catalysis is not determined 
by the oxygen dissolved in the water. 
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Acidity and Alkalinity of the Dextrose Solution, 

The addition of small quantities of sodium hydroxide or hydro 
chloric acid to the dextrose solutions yielded interesting results 
The experiments are divided into two series, the first a preliniinary 
series with nickel tubes and the second with nickel spheres, carried 
out after more experience had been gained. In the prehminary 
series sometimes new tubes and at other times the old tubes 
newly reduced were used. This was unsatisfactory, as the activity 
of the tubes changed with use. It was thus necessary to take the 
mean of the results. Acid was found to destroy the activity of 
the nickel, whereas alkali on the whole did not appear to decrease 
the catalytic effect. Since carbon dioxide was not removed from 
the solution, the alkali may have been pre.sent as carbonate, but 
at these dilutions the degree of hydrolysis is considerable. The 
maximum lead in degrees given by the nickel tube over the blank 
is given in Table IV. From the mean values the effect of the 
alkali is seen to be slight. The effect of continued use with 
alkaline dextrose solutions is seen in the last row of figures. 

Ammonia appears to resemble sodium hydroxide in its action. 


Table IV. 

Effect of Alkali on the Catalysis. 


Nonnality 
of NaOII. 

Maximum load. 

Mcan^ 

None 

1-4, 0-62, 0-95, 0*80 

0-04 

iV/20,000 

0-84 

0*K4 

N/10,000 

<H)2, 0’76, 1*36, 0*73 

0*84 

N/GOOO 

0'87, 0*.a 7, I'Ol, 0'(>r» 

0*77 

N/2r)00 

1*0.3, 1*07, 0*8(5, 0*8G 

0*^5 

None * 

0-50, 0*53, 0*28, 0*10 

0-37 


* I'rcviovisly used wifli alkali. 



It became evident that a nickel surface could only be used once 
if reproducibility of results was to be obtained. In the second 
series, it was therefore decided to u.se nickel aphere,.s, since these 
could be replaced after every experiment and a large number 
could be o.xidiscd and reduced at one time, under identical con- 
ditions. These spheres made possible comparative measurements 
with the same active surface of nickel, and experiments with acid 
and alkali could be carried out simultaneously. Four to six tubes 
were employed in each series of experiments, and a typical series 
contained the following experiments; (1) blank; (2) dextrose 
solution and twenty nickel spheres, 0-4 cm. in diameter ; (3) dextrose 
solution and alkali ; (4) dextrose solution, alkali, and nickel spheres ; 
(5) dextrose solution and acid, and (6) dextrose solution, acid, and 
nickel spheres. 
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The magnitude of the catalytic effect varied with the different 
batches of spheres, and more difficulty was experienced in obtain- 
ing an active surface than with sheet nickel on account of the 
smaller area employed. 

Concentrations of acid and alkali varying from N j 1000 to 
.V/500,000 were used. With alkali of greater concentration than 
y/1000, the speed of mutarotation was too great to be conveniently 
measured. The requisite quantity of acid or alkali was added as 
one drop of a solution of the neces.s.ary strength. 


Results uiih Acid and Alkali. 

The change in the velocity constants with tirne in some of the 
experiments is given in Table V. Where catalysis occurs, the 
velocity constants increase to a maximum value and then decrease. 


Table V. 


Acidity or 
ulkaluiity. 

Velocity coustHtit. 

Mean K for 
the first hour. 

Zero. 

O OlOi^ 0 0003, 0-0007, O OlOl 

0-0098 

„ +Ni. 

N/lOOO.HCl. 

O OlOO, 0 0120, O OUO, 0 0112 

0-0123 

0-0097, 0-0104, 0 0001, 0 008S 

0-0098 

M + 

0 0093, 0-0100, 0 0004, 0 0084 

0-0094 

Zero. 

0-0097, 0-0000, 0-0103 

0-0097 

„ + Ni, 

0-0142, 0-0148, 0-0007 

0-0145 

.Y/10,000-NaOH. 

o-niio, 0-0100, o-(K)!»r) 

0-0129, 0-0173, 0-0090 

0-0110 

+ Ni. 

O-Ol.^O 

Y/10,000-HC1. 

0 0111,0-0102, 0 0094 

0-0107 

+ Ni. 

O-OlOO, O-OIOO, 0-0080 

0-0108 


The mean velocity constant for Kahihaum's dextrose was 0’0098. 
In a series of experiments with dextrose supplied by the British 
Drag Houses, Ltd., the mean velocity constant was 0-0101 ; the 
rate.s of mutarotation, therefore, ai-e very similar. 

In Table VI the differences between the mean velocity constant 
of the blank and that with nickel arc given, together with the 
maximum deviation. 




Table 

VI. 








Dcxlroso 

witli 

Dextrose 

with 


Alkali 

Dextrose only. 

alkali. 

acid. 



and acid 

A. 


A. 


A. 


Nature of 

concen- 

Vei. 

Max. 

Vcl. 

Max. 

Vcl. 

Max. 

dextrose. 

tration. 

const. 

dev. 

const. 

dev. 

const. 

dev. 

K, 

Y/1000 

-f «'0025 

0*57^ 



- 0-0003 

0-00^ 

K. 

iV/10,000 

+ 0-0()47 

1-35 

-h 0-040 

0-72'' 

-j O-OOOl 

0-06 

B.D.H. 

Y/50,000 

+ 0-0060 

0*90 

— 

-- 

+ 0-0002 

0-1.5 

B.D.H. 

+ 0-0032 

0*69 

1 0-054 

0-Tl 

+ 0-0017 

0-22 

* B.D.H. 

.Y/100,000 

-}- 0*0057 

0*78 

— 

— 

+ 0-0002 

o-oc 

B.D.H. 

+ 0*0032 

0*62 

+ 0*028 

0-.)O 

+ 0-0003 

0-25 

B.D.H. 

Y/500,000 

+ 0*0023 

0-52 

-f 0-010 

0-23 

-1- 0 0006 

0-15 


* Nickel tubes. 
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The negative eataljitio effect of hydrochloric acid is very marked 
up to a concentration of iV/50,000; above this concentration up 
to A'/500,000, the acid still reduces the activity of the nickel 
On the other hand, alkali does not materially reduce the activity 
except in the doubtful case of JV/o00,000-alkali. 

More nickel is detected in the solution when hydrochloric acid 
is present. 

Cobalt was much less .sensitive to hydrochloric acid, A’/IO, 000- 
acid being insuflicient to destroy the catalysis. A slight initial 
retardation is noticed, but after a few minutes the catalytic reaction 
proceeds at its full rate. 


Effect of ihtals and their Oxides on the ilutarotalion of Dextrose. 

In order to compare the effects of various metals, a number of 
metal strips were placed in the polarimeter tubes, and stirring was 
effected by means of an oxidised nickel sphere. The copper and 
iron were oxidised at 800° for ten minutes and the cobalt and 
nickel for half an hour; the strips were aU reduced at 380" for 
half an hour. The values for the velocity constant at 25° are 
given in Table VII. The areas of the metal strips were only 
approximately the .same, and the amount of active reduced metal 
differed greatly in the four cases. Ow-iug to the difficulty of oxidis- 
ing metallic nickel, the amount of reduced metal was much smaller 
than in the eases of iron and cobalt. Also the best temperature 
of reduction may not be the same for other metals as for nickel. 

Table VII. 


Vnriovs Metals. 


Metal. 

Area in 
sq. cm. 

10 min. 

Velocity constant. 

39 min. 62 min. 78 min. 

Ist hr. 

Percentage of 
metal in the 
solution, 

Fe 

40 

o-ois; 

0-0104 

0-0157 

0-0125 

0-0152 

Not 

Xi 

24 

0-0118 

0-0128 

0-0125 

0-0135 

0-0123 

determined. 

0-0076 

Cu 

39 

0-0118 

0-0126 

0*0119 

0-0U7 

0-0121 

0-022 

Co 

3o 

0-0234 

O0400 

00490 

— 

0-0301 

0-0035 

Blank 


0-0119 

00112 

0-0118 

0-0115 

0-0116 

— 


The amount of metal which goes into solution is no criterion of 
the activity of the metal. 

The oxidised metal was always less active than the reduced 
metal, and in the case of nickel the oxidised material was practically 
inactive. Two series of experiments are given below, one in whicli 
nickel and cobalt and the other in which nickel and copper are 
compared with one another. In each series the five tubes were 
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compared simultaneously. The mean velocity constant for the first 
hour is given. 

Table VITT. 


Series. Copper. 

(1) Oxidised. O'OllS 

(1) Reduced. 0*0174 

(2) Oxidised. — 

(2) Reduced. — 


Velocity constant. 

Nickel. Cobalt. Blank. 

0*0100 — 0*0100 

0*0204 — 

0*0100 0*0145 

0*0144 0*0297 


Xickel in these and in other experiments always gave a higher 
acceleration of the mntarotation than copper. Oxidised cobalt 
catalyses the mntarotation of dextrose at about the same speed as 
reduced nickel. 

The nickel solutions in series (2) were acid to phenolphthalein, 
and both cobalt solutions were alkaline to this indicator. The 
alkalinity of the solution in contact with the reduced metal was 
iV/6000, wliereas that in contact with the oxidised metal was 
xV/80,000. 

Oihtr Sugars. 

The property jrossessed by nickel of catalysing the rate of 
mutarotation was found to extend to other sugars than dextrose. 
Only qualitative experiments were made. 

Lactose. Maximum deviation of 0-48° on 4-15°, 0-20'’ on 2'5r, 
and 0’22» on 2-37L 

Maltose. 0-25° on 2’91°. 

Lffivulosc. Slight effect. 

Galactose, No effect. 

Owing to the small quantities of maltose, lajvulose, and galactose 
available, no great importance can be attached to thc.se results. 
It, however, appears from the lactose experiments that the 
ratal jdic action of nickel also takes place with other sugars. 


Summary. 

Nickel, cobalt, iron, and copper have been shown to catalyse 
the mutarotation of dextrose. The metals are more active after 
a preliminary oxidation and reduction of the surface, and the 
temperature of reduction has an important bearing on the activity 
of the metal. An oxidised metal surface is either inactive or gives 
a much smaller catalytic effect than the reduced surface. 

The surface of the catalyst deteriorates with time, owing to 
the dissolution of some of the metal as hydroxide. 
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The hydroxyl-ion concentration obtained is of the same ordet 
as that necessary to produce the observed change in the velocity 
of mutarotation. The catalyitie reaction is not caused by the 
oxygen dissolved in the dextrose solution, for the catalysis occurs 
in oxygen-free water, but is presumably associated with the 
oxygen and hydrogen dissolved by or in combination with the 
metal. 

Very low concentrations of acid inhibit the activity of nickel 
and reduce that of cohalt, whereas alkali has but a slight effect 
on the catalytic reaction. 

The velocity constant of the catalytic reaction is doubled tor 
every 5° ; it is thus unlikely that the catalysis occurs on the surface 
of the metal. 

In conclusion, we wish to express our thanks to Professor P. G 
Donnan for providing the facilities for this work. 

Physioai, Chemicai, Laboratory, 

University College, London. [itcom-ci, September 9 th , 1921, j 


CCXXTI . — The Decomfosilion of Ozone hy Light of the 
Visible Spectrum. 

By Robert Owen Griffith and William James Shctt, 

The photochemical decomposition of ozone has been studied by 
Regencr [Ann. Physik, 1906, [iv], 20 , 1033), von Bahr (ibii, 
1910, [iv], 33 , 598) and Weigert {Ze.itsch. physikal. Che.m., 1912, 
80 , 78). All these investigators employed ultra-violet light, the 
effective dcozonising region being in the neighbourhood of 254 fjt. 
It is also known that, in the presence of chlorine (compare Weigert, 
Zeitsch. Ekktrochem., 1908, 14 , 591), light of longer wave-length, 
namely, that of the blue and violet portions of the spectrum, wBl 
cause ozone to decompo-e. The object of this investigation was 
to test, in a purely qualitative manner, whether ozone is decom- 
posed by the action of light of still longer w'ave-length, that of 
500 to 800 /wg. In the general discussion on catalysis before the 
Faraday Society, September, 1921, W. C. McC. Lewis has shown, 
from theoretical considerations based on hbs radiation theory of 
chemical reactivity, that the longest wave-length of light capable 
of decomposing ozone in a unimolecular manner ,shou]d be about 
700 nil. This, however, does not eliminate the possibility that 
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shorter waves, in addition, may have the same effect. The results 
of this preliminary work seem to prove that ozone decomposes 
under the action of red and yellow light; but it ia hoped, at a 
later date, to define the limits of the effective spectral regions 
with greater precision than is now possible. 


Experimeht.vl. 

The method adopted to ascertain whether photochemical decom- 
position of ozone occurs on illumination with light of the visible 
portion of the spectrum was that of following the pressure changes 
which take place when a constant volume of ozonised oxygen is 
subjected to light of constant intensity. Since two volumes of 
ozone are converted, when decomposed, into three volumes of 
oxygen, the extent of the decomposition may ho calculated, 

Ozone was prepared hy the method of Fischer and Massenez 
(Zcilsck. amrg. CItem., 1907, 52, 202, 229), namely, the cdectrolysis 
of dilute sulphuric acid at a high anodic current density, using 
a water-cooled platinum anode. This was made hy shaping a thin 
platinum tube of 3^ mm. external diameter into the form of a U, 
the two vertical limbs being about 5 cm. in lengt.h, the horizontal 
portion 3 cm. The two ends were silver-soldered into two stout 
copper tubes. The liorizontal portion of the anode was scaled into 
blue enamel glass, which ivas then carefully filed down at one side 
so as to expose a platinum surface of 6 x 0-5 sij. mm., and the 
remainder of the tube was given several coats of paraffin wax. 
The anode was placed in the central limb of a double H vessel, 
the two outer limbs of whieb contained lead cathodes, and the 
horizontal connecting portions glass wool. Cooling was effected 
by a stream of wafer (temperature S— 10') flowing through the 
platinum tube, the velocity being luaintained at about l-.o litres 
per minute, and also by immersion of the whole cell in a bath at 
the same temperature. 

Using, as recommended by Fischer and Massenez (toe. cit.), an 
acid of density 1-085 as electrolyte and an anodic current density 
of approximately 45 amperes per sq. cm., corresponding with a 
current of 1-3 amperes, no difficulty was experienced in obtaining 
an ozone concentration of 17 per cent, by weight (11 per cent, by 
volume). The ozonised oxygen rising from the anode was collected 
in a small glass bell and conveyed, by capillary tubing, cither to a 
reservoir in which it could be stored over concentrated sulphuric 
acid or through an absorption tube for analysis. From time to 
time the gas given by this apparatus was analysed and was found 
to be of almost unchanged composition, lfi-8 to 17-1 per cent, of 
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ozone.* This was the concentration of ozone employed in most 
of the experiments to be described. 

The remainder of the apparatus is shown in the figure. 

From the gas reservoir, A, the ozone was transferred to the 
experimental tube, B, of dimensions 40 cm. in length, 1-8 cm. in 
diameter, and capacity 107 c.c., which stood vertically in a glass 
thermostat. The sulphuric acid manometer, C, made of capiliaiy 
tubing of 1 mm. bore, was connected as shown with the tube, B 
and the compensator, D, a glass balloon of 1 litre capacity, immersed 
in the thermostat. Finally, the whole apparatus was joined to 
mercury- and water-pumps, through a tube containing potassium 
hj’droxide, which served the purpose of decomposing the ozone as 

Fig. 1. 



it was pumped out, thereby preventing it.s attacking the mercury 
of the pump. The apparatus was constructed entirely of glass, 
and the gas came into eontaet only with glass, sulphuric acid, and, 
to a slight extent, with glacial plio.sphoric acid used for luhricafiiig 
the taps. Before being sealed to the rest of the apparatus, the 
reaction tube, B, was treated with chromic acid mixture, rinsed 
with distilled water, and dried, care being taken to exclude particles 
of dust. This was rendered necessary since Warburg (Ann. Phjsik, 
1902, [iv], 9, 1286) found that ozone decomposes very slowly at 

* At a late stage in the work, damage to tho anode necessitated the 
Tiiaking of a new and possibly less efficient One. This, together with a 
liighee temperature of the water used for cooling, resulted in a lower ozone 
C'oneentration — 13 per cent. — and a few experiments were made with this 
ozone. 
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the ordinary temperature in the dark, but that the rate may be 
much increased by traces of foreign matter, which acts catalytioally 
in promoting the unimoleculat reaction Oj — >• Oj + 0. He showed 
that the velocity of deozonisation is apparently independent 'of 
the nature of the agent used to dry the gas and that, in the tubes 
most free from dust particles, the ozone concentration fell only 
from 8 per cent, to 7-6 per cent, in the first 100 hours, at room 
temperature. Experiments carried out with the tube B, whilst 
showing a greater decomposition than this, proved that the amount 
of “ catalytic dark decomposition,” in all cases, was too small to 
affect the results obtained during the time the tube was illuminated. 
Thus the maximum “ dark decomposition ” ever observed corre- 
sponded -with an increase of pressure of 5-4 mm. of sulphuric acid 
in 220 minutes. This maximum, which was far higher than the 
average amount of “ dark decomposition,” corresponds with a 
(juantity approaching the order of the experimental error in reading 
the manometer, when reduced to the time taken for an experiment 
in which the tube was illuminated. Weigert (ioc. cit.), in an 
investigation on the decomposition of ozone by ultra-violet light, 
observed a much greater decomposition in the dark, but this is 
probably duo to the fact that his ozone was in contact with paraffin 
and also with sulphuric acid. 

The source of illumination used was a hand-regulated carbon 
arc projection lamp, consuming 30—35 amperes. The horizontal 
beam formed by two lenses was reflected vertically downwards by 
a plane mirror. It then passed through a layer of water, the 
thickness of which could be varied, two thick plates of crown 
glass (total thickness 3-2 cm.) and a double convex lens. Before 
entering the experimental tube it traversed a further layer of 
water, the depth of which conld be adjusted by altering the level 
of the syphon, E. The intensity of the light of the carbon arc 
leaves much to be desired in point of constancy and, as a source 
of illumination for photocbemical work in general, it is not very 
suitable; but, as the main purpose of this investigation was to 
e.stabUsh qualitatively the decomposition of ozone in visible light, 
this disadvantage was outweighed by the strong intensity obtainable. 
By observing certain precautions, however, such as carefully 
regulating the distance between the poles so as to maintain a 
constant current strength, it was found possible to avoid large 
and sudden irregularities in the intensity of the light, but it is 
difficult to remedy the gradual change in the light due to move- 
ment of the position of the positive crater. During an experiment, 
a vigorous stream of water, either direct from the town supply 
or from an auxiliary thermostat, was passed through the main 
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thermostat in order to maintain a constant temperature in the 
reaction tube. The temperatures employed in different experiments 
varied between 8" and 30°. 

■When the tube containing Iti — 17 per cent, of ozone at atmo- 
spheric pressure was illuminated, the beam appeared of a slight 
but distinct blue colour, indicating absorption of the leas refrangible 
portion of the spectrum. This has previously been observed by 
several workers, among whom mention may be made of Liveiag 
and Dewar {Phil. Mag., 1888, [v], 25, 28fi), although they state 
that the absorption bands of ozone in the visible part of the 
spectrum are extremely faint. 

On exposure of the experimental tube containing ozone to light, 
the following changes in the pressure were observed. The pressure 
first increased rapidly for about fifteen seconds, then rose steadily, 
but more slowly ; finally, on cutting off the bght, the pressure fell, 
attaining in four minutes a constant value, which corresponded 
with a certain amount of decomposition of ozone. This result is 
due to a heating effect caused by absorption by the ozone of certain 
parts of the visible spectrum, the energy of which is converted into 
infra. red radiation. By the use of a light of constant intensity, 
after fifteen to twenty seconds, a stationary thermal state is 
reached when the amount of heat flowing out from the tube to 
the thermostat, maintained at constant temperature, is equal to 
that being generated by the absorption. The further, slower 
inorea.se of pressure is that due to decomposition of ozone. When 
the light is turned off, the pressure again decreases as the tem- 
perature of the contents of the tube falls to that of the thermostat. 
Thus, in one experiment, the following figures were obtained ; 

Temperature of thermostat = 10°. Barometric pressure = 
758 mm. Manomelric difference at the start, 1'6 mm. of sulphuric 
acid. Manometric difference after five minutes’ illumination, 
204 mm. of sulphui-ic acid. 

The light was then cut off and the manometer read after the 
lapse of a further five minutes. 

Final manometric difference, 9-3 mm. of sulphuric acid. We 
therefore obtain as the ..icrease of pressure due to decomposition 
of ozone during illumination for five minutes, 9-3 — 1-6 = 7-7 mm. 
of sulphuric acid, and an increase of pressure due to heating of 
the ozone, 204 — 9-3 = 11-1 mm. of sulphuric acid. 

From the latter increase of pressure may be calculated the average 
rise of temperature in the tube. In' this case the value obtained 
is 0'5°. 

Table I show.s one series of results out of many obtained by 
illuminating the experimental tube for successive intervals of five 
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minutes and interpreting the observed manometric differences in 
the manner indicated in the above calculation. 


Table I. 

Temperature — 10°. Pressure ^ 708 mm. Ozone concentration 
; 11 percent, by volume. 


Pc- 

P- 

■P - Pc- 

p'- 

P' - P‘ 

aT. 

1-7 

13-4 

11-7 

20-3 

15-9 

{)'79' 

i:i-4 

23-2 

0-K 

:{4-2 

110 

0-55 

23-2 

31-2 

8-0 

41-0 

10-3 

0-52 

:J4-8 

41-7 

(V!) 

53'(j 

11-9 

0-59 

41-7 

490 

8-2 

62-4 

12-3 

0-62 

50-3' 

57-8 

7'5 

68-8 

11-0 

0-55 


Where = the initial difference of pressure, before illumination, 
in mm. of sulphuric acid ; p = the final difference of pressure after 
attainment of thermal equilibrium ; p' — the difference of pressure 
iiuraediately before cutting off the light; AT = the mean rise of 
temperature of the gas above the temperature of the thermostat, 

The increase of pressure (column p — pj) corresponding with 
total decomposition of the ozone present = 317 mm, of sulphuric 
acid. 

These results show that, with the light employed, ozone undergoes 
decomposition and that the extent of decomposition, in equal 
intervals of time, is as nearly constant as could be anticipated 
from the nature of the source of the light. 

In all our experiments in which decomposition of ozone was 
indicated, this heating effect (column AT) was observed. Its 
extent depended on the intensity of the. light, but was u.sually of 
the order of 0'5°. This was the average rise of temperature of the 
ozonised oxygen during illumination, and it is, of course, in itself 
insufficient to account for the observed rate of decomposition. 
The possibility remained, however, that the gas near the centre of 
the tube might be at a far higher temperature, sufficiently high, 
in fact, to account for the decomposition by the bimolecular, 
thermal reaction 2 O 3 — » SOj, which has been studied by Warburg 
(he. ci(.}, Clement {Ann. Phy.sik, 1904, [iv], 14, 342), and Chapman 
and Jones (T., 1910, 97, 2463). That this, in all probability, is 
not so may be shown in the following way. During illumination 
the gas is heated owing to the absorption of light, the outside of 
the tube is maintained at a constant temperature, and the internal 
temperature increases from T„, at the outside, to T,„,,, the tem- 
perature at the centre. As only a small fraction of the light is 
absorbed, we may consider that the intensities of the incident and 
emergent beams are practically identical and therefore (with 
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constant intensity -light) the temperature at any pomt of the 
tube is dependent only on the distance from the axis and is 
independent of the distance from the ends. Also consider that 
the whole cross-section of the tube is illuminated at equal intensity^ 
that no convection occurs, and that heat flows only at right angles 
to the length of the tube. With these assumptions, it can readily 
be shown that the maximum rise of temperature is double the 
mean rise. This is necessarily the highest temperature which the 
hottest part of the gas can attain, as convection, which undoubtedly 
occurs, tends to decrease this value. The largest mean rise of 
temperature observed in these experiments amounted to 0'8“ (see 
Table I), and thus the maximum rise was, at the most, double 
this or 1'6°. It may be calculated from Warburg’s results for the 
rates of the bimoleoular decomposition of ozone at different tem. 
peratures that in order to account for the observed velocity of 
deozonisation in this experiment, the whole of the gas would hare 
to be at a temperature between 80° and 90°. It is therefore 
entirely justifiahlo to assume that the slight warming which the 
gas undergoes on illumination is not the cause of its decomposition, 
and that the latter is due to the light employed. 

As stated above, the beam from the carbon arc passed through 
several thicknesses of glass and through a layer of water before 
entering the ozonised o.xygen, in order that most of the ultra-violet 
and infra-red portions of the spectrum miglit be removed. By 
means of photographs taken on a Hilger quartz spectrograph, it 
was found that the glass screens deprived the beam of hght from 
the arc of all that portion of the spectrum of wave-lengtlis shorter 
than 330 The conclusion that ultra-violet hght is not respon- 
sible for the photochemical decomposition of ozone observed in 
these experiments is further supported by the fact that the rate 
of decomposition was not sensibly diminished by interposition, 
between the source of the light and the tube, of an arsouhn filter, 
which transmitted only wave-lengths longer than 380 /r/r. 

The other limi t, to the wave-length of the effective light entering 
the experimental tube is obtained from a consideration of the 
absorption of water in ‘,hc extreme red portion of the visible 
spectrum. According to XichoUs [Physicul Rtv., 1894, 1, 1J> 1 ^ 
value of the absorption coefficient a for water is 0-272 at 779 fi/i, 
and this increases with increasing wave-length. The absorption 
coefficient is defined by the equation 

I = I^er^. 

• For his kiudnesa in taking these photographs, we have to thank Mr. 
L. \V. Codd. 
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ill which If, = the intensity of incident Eght of a given wave-length. 

I = the intensity of emergent light of the same wave- 
length. 

d = the thickness of the water layer in centimetres. 

It follows, from NichoUs’s value, tliat the fraction of light of 
wave-length 779 transmitted through a layer of water 1 cm. 
in thickness is 0-76 and that through 10 cm. of water only 0 066. 
Hence, if wave-lengths of this order were effecting the decomposi- 
tion of ozone, it would be anticipated that the rate of decomposition 
would vary with the thickness of the water screen through which 
the light passed. Experiments undertaken to test this point 
showed that no such effect was produced. The results of two such 
experiments, in which the times of illumination were five minutes, 
are given in Table II. 

Table U. 

Thickness of 
water layer. 

Expt. 1 1 cm. 

10 „ 

Expt. II 1 .. 

10 „ 


Vo- 

V‘ 

P Po- 

1'5 

6*0 

IV') 

50 

8-3 

3-3 

13-2 

19-9 

6-7 

10-9 

25G 

5-7 


Within the c.xpcrimcntal error, the rate.s of decomposition arc 
independent of the thickness of the water screen, and, in con.se- 
quence, it may be assumed that light of wave-length longer than 
770 g/x was not causing the decomposition of ozone in these 
experiments. 

We therefore draw the conclusion that fight of wave-lengths 
between 400 /x/x and 780 fifi, that is, light of the visible portion 
of the spectrum, is capable of decomposing ozone. 

The problem of further narrowing the effective limit.s of the 
spectnim presented some difficulty. Filters of aqueous solutions 
of inorganic salts were examined, but were found, in most cases, 
to be useless, as either the limits of transmission were not definite 
enough or, where the selection was better, the light transmitted 
was too feeble to effect any decomposition during a convenient 
interval of time. The filters finally employed xvere gelatin film 
filters obtamed from Messrs. Kodak, Ltd., the percentage trans- 
mission of each filter, at a given wave-length, being taken from 
tables supplied by the makers. It was not possible to verify these 
figures, as a spectrophotometer was not available; the limits of 
visible transmission, however, were checked, for each filter, on a 
Hilger wave-length spectrometer and were found to agree with 
what would be anticipated from the maker’s tables. Each filter 
was mounted between glass plates and placed so as to permit 

VOL. OXIX. 3 s 
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coolmg by the water flowing around and over the experimental 
tube. 

The method of working was as follows. The amount of deeom 
position of ozone produced in a given time by light transmitted 
through one of the filters was compared with that effected, in the 
same time, by white light of the same intensity. As the intensity 
of the light tended to be variable, this comparison was made on 
the results of three successive experiments; in the first and the 
third white hght was used, and in the second the filter was inter, 
posed. The amount of decomposition registered manometrically 
in the second experiment was compared with the mean of the 
other two. Experiments in which the results of the first and the 
third varied by more than 40 per cent, of the larger reading were 
rejected. The results obtained in this manner are shown in 
Table III. 


Table III. 


Percentage decompoeillon of ozone. 


Filter A. 

Filter B. 

Filter C.* 

Filter D. 

17 

24 

40 

70 

22 

25 

44 

86 

20 

32 


85 


37 


71 


39 


71 


36 


88 


42 


85 


37 


73 




76 

20 

34 

42 

78 


* The transmissive power of these filters was affected by the strong light 
employed and, in consequence, no further experiments could be carried out 
with them. 


The figures in the table are percentage decompositions eSecW 
by light transmitted through the corresponding filters compared 
with that caused by white light of the same intensity, under the 
same conditions. Table IV gives the percentage transmissions of 
these filters at various wave-lengths as determined by the makers, 
Messrs. Kodak, Ltd., and published in their booklet “ Wratten 
Light Filters.” 

From the figures given in Tables HI and IV the following 
conclusions may bo drawn. 

(1) Light of the extreme red portion of the visible spectrum is 
capable of decomposing ozone. The head of this active baud must 
lie between 670 and 760 pp,, since light transmitted through filter A 
effects 20 per cent, of the decomposition caused by the whole of 
the visible spectrum and it is only at wave-lengths longer than 
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Table IV. 


AVave-length. 

Filter A. 

Filler B. 

Filter C. 

Filter D. 

Filter E. 


(70). 

(29). 

(32). 

(12). 

{43).* 

400 



49-0 


63-2 

490 



20-2 

0*3 

54-U 

510 



4-0 

28*0 

50-0 

590 



Nil. 

87-0 

10 

600 



6-4 

88*0 


610 


04 

‘ 34 0 

89-0 


620 


13-8 

630 

89-0 


650 

0-4 

63-6 

730 

91-0 


670 

19'6 

69-0 

TOO 

92-0 


680 

34-0 

70-0 

68-0 

93-0 


700 

45-5 

71-5 

fi.rO 

94-0 



♦ The numbers in brackets at the heads of the columns of pcrcentaso 
transmisaiona are the makers’ numbers for the filters. 


670 pm that the transmission reaches 20 per cent. The effect of 
interposition of this filter was examined with especial care, and 
experiments with it were carried out over time intervals longer 
than five minutes, in one case above half an hour. In all cases 
the extent of decomposition was found to be approximately pro- 
portional to the time of exposure and about 20 per cent, of that 
observed with white light. 

(2) Light of wave-lengths between 615 and 510 pp is effective 
in causing decomposition of ozone. It is considered improbable 
that light of wave-lengths between 670 and 615 pp is causing 
deozonisation, since the decomposition obtained by the use of 
filter B, which transmits in this region, is only so much in excess 
of that obtained with filter A, as would be e.xpected from its (B’s) 
increased transmission of light of wave-length longer than 670 pp. 
The high percentage decomposition obtained witli light transmitted 
through filter D indicates that a second band of light is also causing 
deozonisation, since the light present of wave-length longer than 
670 pp is now insufficient to account for tlie observed result. The 
average transmissions of filters A and D to liglit of wave-lengths 
between 670 and 700 pp are in the ratio of 10 to 90, whereas the 
percentage decompositions ob.served with each are in the ratio of 
20 to 78. The limit of 510 pp is set to one end of this active band 
by the low transmission of filter I) to shorter waves than those of 
this value. The other end of the baud is defined by the results 
obtained with filter C. Light transmitted by this filter effects a 
slightly greater percentage decomposition than that transmitted by 
filter B, although the lattex allows more light of wave-lengths 
longer than 670 pp to pass tlirough. It may be inferred from 
this result that part of the second active band is transmitted by 

3 X 2 
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tilter C, but is absorbed by filter B. Hence it follows that the 
longer limit of this band must lie between 620 and 610 

(3) As regards the effect of the remaining portion of the visible 
spectrum, namely, that of wave-lengths between 400 and 510 , 
no definite inference can be drawn from the data. The use of 
filter E, which transmits in this region, is accompanied by a small 
deconipoeition of the ozone. Since, however, this filter transmits 
10 per cent, of the energy of the incident light of wave-length 
550 ii.fi, and more of that of shorter wave-lengths, it is possible to 
account for the observed decomposition by assuming it to be due 
to light of wave-lengths between 650 and 620 pp, which is also 
transmitted by filter D. Consequently we incline to the opinion 
that if light of wave-lengths between 510 and 400 /ifi is capable 
of causing dcozonisation, its activity is very small in comparison 
with that of either of the two active regions already discussed 
namely, 760 to 670 and 615 to 510 

Diicussion of Re.sidU. 

Wo may compare the results given above for the photochemically 
active portions of the visible spectrum with the absorption spectrum 
of ozone, which has been determined by Chappuis (Cowpf. rend., 
1880, 91, 985; 1882, 94, 858), Ladenburg and Lehmann {Ber. 
Dent, phjjsikal. Ges., 1906, 4, 125) and others. Chappuis employed 
a tube containing ozonised oxygen, prepared by the silent discharge 
method, and found eleven absorption bands in the visible region. 
The band of longest wave-length was located at 629 pfi, and the 
two most intense on either side of the sodium line, the one between 
609'5 and 593'5 pp, the other between 577 and 560 pp. Both the 
characteristic bands are also shown by the blue liquid ozone. Ot 
the bands found by Chappuis, four, including the two most intense, 
lie in the region between 520 and 613 pp, which has heen found 
by us to be one of the regions effective in causing decomposition 
of ozone. As regards the relative effectiveness of the light at each 
of these four bands, nothing can be said at present. It may be 
that the light energy of w ave-Icngth corresponding with one of the 
bands alone is used in activating the ozone molecule, that of the 
others being converted into heat, or it may be that all the bands 
contribute, to some extent, to the decomposition. Luther {Zeikeh. 
Melirochem., 1908, 14, 447) has expressed the opinion that in 
photochemical reaction all the absorbed wave-lengths are chemically 
effective, but, in many cases, the results are not noticeable. 

No absorption bands appear to have been found for ozone ui 
the region of wave-lengths 760 to 670 pp, which has been found 
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by US to be photoohemically active. However, Ladenburg and 
Lehmann (foe. cU.), using a gas containing a very high percentage 
of ozone, prepared by the Goldstein (E. Goldstein, Ber., 1903, 36, 
3042) method, found, in addition to the bands observed by Chappuis, 
“ general ” absorption extending over the region of wave-lengths 
longer than 600 /xp. It therefore seems probable that the photo- 
chemically effective portion of the spectrum between 670 and 760 pp 
lies in this region of “ general ” absorption. 


Summary. 

1. The action of light of the visible spectrum on ozone has been 
investigated. 

2. At room temperature, ozonised oxygen, containing 16 per cent, 
(by weight) of ozone, is deozonised by the action of intense light 
of wave-lengths between 400 and 800 pp. 

3. Reasons are given to show that the slight heating which the 
gas undergoes is not the cause of the decomposition. 

4. The use of light filters indicates that the effective regions of 
the spectrum lie between (o) 760 and 670 pp and (6) 615 and 510 pp. 

In conclusion, we desire to express onr thanks to Professor 
W. 0. McC. Lewis, who suggested this work, for advice during its 
course. 

Tee Muspeatt Laboe.atoey of Physical and ELEcTEO-CHEnnsTaY, 

The University of Liverpool. [Heuired, October 4tk, 1921.) 


GCXXlll.— Syntheses in the Thianthren Series. 
Part I. 

By Jnanendka Hath R.ay. 

The present investigation was undertaken with two objects in 
view, first, to ascertain the extent of the applicability of aluminium 
amalgam as a condensing agent, and, secondly, to develop a 
convenient method of synthesising thianthren derivatives, which 
appear to have been very little investigated. Fries and Engelbertz 
(Annolen, 1915, 407, 194) failed to prepare dimethoxythianthren 
directly, which, however, was obtained from the corresponding 
diazosiilphide by heating. Such a procedure is undoubtedly 
tedious, and therefore a systematic investigation seemed desirable. 
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ICoten (T., 1899, 75, 887) condensed sulphur chloride with benzene 
and toluene by means of the aluminium-mercury couple, hut in 
the case of the higher hydrocarbons the products were uncrystal 
lisable oils which decomposed on distillation. In the present 
paper, compounds containing acetylamino-, chloro-, methyl 
nitro-, nitroaoetylamino-, acid chloride, keto-, and aldehydo-groupg 
are described. It has been found that the reaction is inhibited 
by a nitro-group in the molecule, as no products could be isolated 
either under ordinary conditions or at high temperatures, Xhe 
reaction with an iodo-compound is an interesting one, and will hj 
dealt with subsequently. Usually, two molecules of sulphur 
chloride react with two molecules of the substance. Since the 
ortho-position of the sulphur atoms in thianthren has been proved 
(Deuss, Ber., 1908, 41, 2329), the reaction may be assumed to 
take place thus ; 

S S 

II H 

X'CeH, + ^,1^' + CeH^-X -> X-CeH3<^>CA-X + 4HC1 

y I H 

X-C,H3<|>C,H3-X + 2S, 

( 11 .) 

The intermediate compound (I) has actually been isolated, It 
is very unstable and suffers decomposition with moisture, liberating 
free sulphur. This compound is coloured, but on decomposition 
into the thianthren derivative the intensity diminishes and tlip 
product is only slightly coloui-ed. These compounds all develop 
an intense coloration with sulphuric acid, which is discharged on 
dilution with tlic precipitation of the compound. Evidently, a 
sulphonium salt analogous to the intermediate compound I is 
formed (compare Fries and Volk, Ber., 1909, 42, 1170). 

From acetanilide, diacetylaminothianthren was formed, from 
wliich the free amine was prepared by hydrolysis. This amine was 
diazotised and the product coupled with a few phenols and napli- 
thols, but the dyes ohta ried showed no distinctive advantage over 
the corresponding benzene derivatives. This subject will be dealt 
with in a subsequent paper. 

It was found in the course of this investigation that condensation 
between a hydrocarbon and an acid chloride cannot be effected 
by aluminium amalgam and that this catalyst is without action 
on acid chlorides. Therefore, it has been possible to condense 
benzoyl chloride with sulphur chloride, and the corresponding acid 
chloride of thianthrcndicarhoxylic acid has been isolated as the 
product. 
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Phenolic ethers do not suffer hydrolysis, as with aluminium 
chloride, but the product of condensation in the case of anisole is an 
uncrystallisable oil. This oil gives the characteristic coloration with 
sulphuric acid, but breaks down into a mixture of two mcrcaptans 
on distillation. This behaviour has been found to be general in 
the series (compare Cohen, loc. eit.). Thus, in the case of anisole, 



S 


the decomposition products afford a clue to the constitution of 
the thianthren derivative. 

In the case of iodobenzene, complete separation of iodine takes 
place on mixing the constituents in the pre.sence of the catalyst, 
but without it, iodine is not liberated even after boiling for many 
hours. Thianthren is isolated in small yield, but the greater part 
of tlie material is rcsinified. 

Sulphur chloride was condensed with diphenylm ethane in the 
expectation of getting thioxanthen, 

CHjPh, +Cl2S:S-> + S, 

but the corresponding dibenzylthianthren was obtained mstead : 

2CHjPh2 +2Cl2S:S— > CHjPh-CsH^; ||:||>CeH3'CH2Ph 
— > CH2Ph-CsH3<|>CeH3-CH2Ph. 

It may be pointed out that the unsymmctrical constitution of 
sulphur chloride is demonstrated by the formation of thianthren 
(a compound of settled constitution) from benzene and sulphur 
chloride, for without the assumption of complicated tautomerism 
and rearrangement in the molecule the reaction can be explained 
in no other way than that depicted in this paper. Bueseken and 
Koning (Bee. Irav. chim., 1911, 30. 116) studied the behaviour of 
sulphur chloride in the presence of aluminium chloride to ascertain 
its constitution, but they drew the conclusion that a clear picture 
of the reaction is impossible owing to its being obscured by side- 
reactions. The reaction in the presence of the aluminium-mercury 
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couple is, however, a simple one (Cohen, loc. cit.), uninfluenced bv 
concurrent reactions, and therefore the isolation of thianthren as 
the principal product is strong evidence in favour of the unsym 
metrical constitution of sulphur chloride. 

Boeseken and Koning (loc. cit.) found that pp'-dichlorodiphenyi 
sulphide and disulphide are the products of the reaction between 
chlorobenzene and sulphur chloride. The product in the present 
investigation is dichlorothianthren. Evidently, an entirely diilerent 
course of reaction is induced by the two catalysts, aluniininu 
chloride and aluminium amalgam. 

Expekimental. 

The method of condensation was as follows. The substance 
was dissolved in dry carbon disulphide in a flask attached to a 
reflux condenser, through the upper end of which the sulphur 
chloride, dissolved in the same solvent, was added drop by drop 
The catalyst, prepared from aluminium foil and dried between 
filter-paper, was quickly inserted into the flask before the addition 
of the sulphur chloride. The flask was cooled, when necessary, 
by immersion in water. 

Condensation tcith Oldorcbenzene : Dichlcyrothianthren. 

A violent reaction ensued, and a bluish-green solid eventually 
separated when 10 c.c. of chlorobenzene, the couple prepared from 
0-3 gram of aluminium, and 8 c.c. of sulphur chloride interacted 
in the presence of about 10 c.c. of carbon disulphide as diluent. 
After remaining for two hours, the mixture was warmed at 40° for 
two hours, and then decanted from the amalgam on to crushed 
ice. The ju'oduct was collected, crystallised from glacial acetic 
acid, the crystals were dissolved in benzene and refluxed witli 
copper powder to remove traces of sulphur, and the substance was 
finally twice crystalhsed from acetic acid, when it was obtained 
in needles, melting at 147°. It gave a bluish-violet coloration 
with sulphuric acid (Found : Cl = 2o-7 ; S = 22'98. Calc., Cl - 
24-99; 8 = 22-4 per cent.). Fries and Volk (Annalen, 1911,381. 
312) gave 171° as the in. p. of 4 : 4'-dichlorothianthren, and tkir 
compound developed a deep blue colour with sulphuric acid. 
Possibly this compound is an isomeride. 

Oxidation. — One gram of the substance was di.ssolvcd in glacial 
acetic acid and oxidised W'ith boiling chromic acid mixture. The 
product was separated in the usual way. The sulphone crystalliBcd 
from hot dilute acetic acid in needles, in. p. above 225° (Pouiiil : 
S = 18-5. CijHjO^ChS^ requires S = 18-3 per cent. 
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Isolaiion of the Intermediate Compound . — The bluish-green solid 
separating from the reaction mixture was filtered and repeatedly 
washed with carbon disulphide, moisture being excluded. It was 
dried by pressing on a clean porous plate (Found : S = 37-2. 
CijHsCljSi requires S == 36-6 per cent.). 


DicUmodirnethylthiarUhten. 

o-Chlorotoluene (5 c.e.) was condensed with 3-5 c.c. of sulphur 
chloride diluted with 10 c.c. of carbon disulphide. The reaction 
was instantaneous, and a g;reeni3h-black colour developed. The 
reaction was allowed to proceed at the ordinary temperature for two 
hours, the mixture was then heated on the water-bath for an hour, 
the product poured on oruslied ice, and the reddish-brown, viscous 
mass extracted with boibng acetic acid containing a trace of water. 
The compound, which crystallised from the cold filtrate, was 
freed from sulphur by copper powder, and was dissolved in the 
minimum amount of chloroform and precipitated by pouring the 
solution into alcohol. After being then twice crystalhsed from 
acetic acid, it melted at 143° and developed a beautiful emerald- 
green coloration with sulphuric acid, which changed to blue on 
keeping (Found ; Cl = 22-41 ; S = 21-0. Ci.HiqCLS, requires 
Cl = 22-68; S = 20-44 pr cent.). 

Oxidation with Nitric Acid .- Preparation of the Sulphone . — 
The substance was heated on the water-bath with nitric acid and 
precipitated by water. The precipitate was crystallised from a 
boiling mixture of water and acetic acid. The sulphone melts and 
decomposes at a high temperature (Found : S = 16-85. Calc., 
S 16-99 per cent.). 


4 ; 5-Dichloro-l ; S-dimethytthiantkren. 

p-Chlorotoluenc (5 c.c.) was condensed with 3-1 c.c. of sulphur 
chloride diluted with 10 c.C. of carbon disulphide, the reaction 
l)eing moderated by cooling; eventually a greenish-black solid 
was produced. The reaction was allowed to proceed at the room 
temperature for two hours. When it slackened, the mixture was 
heated on the water-bath for an hour, and the product decomposed 
with crushed ice. The white solid thus obtained was crystalhsed 
from boiling xylene and freed from sulphur in the usual way. The 
substance is only slightly soluble in xylene, chloroform, acetone, 
or ether, ft melts at 195 — 197°, and does not develop a coloration 
with sulphuric acid, probably owing to steric hindrance, as the 
positions 1, 4, 5, and 8 contiguous to the sulphur atoms arc occupied 
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(Found; 01 = 22-39; S = 20-90. CijHioClaSj requires Cl = 22-68; 
S = 20-44 per cent.). 

, The sulphone obtained on oxidation with nitric acid melts and 
decomposes above 250°. 

Condensation of a.-CMoronaphtludene and Sulphur Chloride. 

a-Chloronaphthalene (2 c.c.) was condensed with 2 c.c. of sulphur 
chloride, and the product treated in the usual way. The resulting 
compound was crystallised from boiling glacial acetic acid con. 
taining a few drops of w-atcr. It melted at 64° (Found : Cl = 18-2 ; 
S = 17-2. CjjHjoCljSa requires Cl = 18-4 ; S = 16-6 per cent,), 

Diaceiylaminothianlhren. 

Ten grams of acetanilide dissolved in 15 c.c. of carbon disulphide 
were treated w-ith the calculated amount of sulphur chloride 
(2 mols.). The reaction was started by heating on the water.bath 
and the mixture boiled for four hours until the reaction was com- 
pleted. The product, isolated in the usual way, was crystallised 
from boiling alcohol and from boiling dilute acetic acid until it 
was pure, when it melted at 198—200°. This compound gave a 
bulf coloration with sulphuric acid (Found: N = 8-56; S = 19-8. 
C 16 H 14 O 2 X 2 S 2 requires N = 8-48; S = 19-39 per cent.). 

The acetyl compound was hydrolysed with hydrochloric acid, 
and the diamine liberated with alkali. It crystallised from alcohol 
in canary-yellow needle.s, m. p. 102 — 104° (Found : N = 11-5; 
S = 26-8. CijHijNjSj requires N = 11-3 ; S = 26-01 per cent,). 

The diamine was diazotised and the product coupled with the 
naphthols. The a-naphthol compound is scarlet, melts at 104°, 
and gives a deep violet colour with sulphuric acid. 


Dimethoxylhianthren. 

Five c.c. of anisoie were condensed with 4 c.c. of sulphur chloride. 
The reaction was completed on the water-bath after the evolution 
of hydrogen chloride had moderated. A viscous, heavy, red oil 
(A) was obtained on decomposition of the product with ice. This 
was shaken with sodium hydroxide solution to extract any phenolic 
compound, the unchanged anisoie removed by distillation mth 
steam, the residue dissolved in benzene, and the free sulphm 
removed with copper powder. The benzene solution depositc 
an oUy substance which gave a beautiful green coloration wit 

sulphuric acid. , 

The oil (A) was distilled at slightly diminished pressure, ano 
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oil passed over at 175 — 185°. This oil is a mercaptan, because it 
gives a compound with mercuric chloride, dissolves in sodium 
hydroxide solution, and is oxidised by iodine. The distillate was 
oxidised with chromic acid mixture, or, better, with potassium 
permanganate to sulphonic acids, the sodium salts of which were 
isolated in the usual way. They rvere converted into the amides 
through the chlorides. The amides were crystalhsed from hot water, 
in which one, m. p. 116°, was sparingly soluble. The aqueous 
filtrate was evaporated to dryness ; the residue, after crystallisation 
from alcohol, melted at 126 — 128°. Gattcrman {Ber., 1899, 32 , 
1154) gives the m. p. of m-methoxybenzenesulphonamide as 128° 
and that of the para-compound as 116°. Therefore the foregoing oil 
is a mixture of m-methoxyphcnyl mercaptan and p-methoxyphenyl 
mercaptan. 

Condensation, with Phenetde. 

Phenetole was similarly condensed with sulphur chloride. A 
viscous, red oil, as in the case of anisole, was obtained, which yielded 
mercaptans on distillation ; the mixture, however, has not yet been 
identified. 

Diacelyhhiaiithren. 

Five c.o. of acetophenone mixed with 5 c.c. of .sulphur chloride 
were diluted with 10 c.c. of carbon disulphide and the couple was 
quickly added. The liquid became deep red and a vigorous 
reaction ensued. After the violence of the reaction had abated, 
the mixture was warmed for an hour and then boiled for fifteen 
minutes on the water-bath. The product was decomposed with 
ice and the viscous mass obtained was freed from sulphur and 
repeatedly crystallised from a mixture of chloroform and alcohol. 
Diacetylthianthren melts at 88 — 91°, forms a phenyUiydrazone 
(which melts rvith decomposition), develops a red coloration with 
sulphuric acid, and yields benzoic acid on oxidation with nitric 
acid (Found : S = 21’6. CJ 5 H 12 O 2 S 2 requires S — 21-3 per cent.). 


Dibenzylthianthren. 

Diphenylmethane ( 2-2 grams) was condensed with 1-2 c.c. of 
sulphur chloride, carbon disulphide being slowly added during the 
reaction. The product, after decomposition with water, was freed 
from carbon disulphide and sulphur and crystallised from boiling 
diluted alcohol, when it melted at 196°, and gave a beautiful green- 
ish-red fluorescence with sulphuric acid, which was destroyed by 
the addition of a trace of potassium nitrate (Found : C = 78-6 ; 

3x*2 
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H-=5-o; 8 = 16-25. CjjHa^a requires C = 78-7 ; H = a-0,i; 
S = 16-16 per cent.). Thioxanthen melts at 128° and gives nj 
fluorescence with sulphuric acid (Graebe, Anmlen, 1891, 263, 14), 


Cotidensalioti with loddbenzene : Formation of Thianthren. 

lodobenzene (5 grams), dissolved in 10 c.c. of carbon disulphide, 
was slowly treated with 2 c.c. of sulphur chloride. Instantaneous 
separation of iodine took place. The reaction was completed by 
warming on the water-bath, and the product was poured into aa 
ice-cold solution of sodium hydroxide. The precipitated resinous 
mass was freed from the last traces of iodine by sodium hydrogen 
sulphite and the white residue was extracted with boiling acetone. 
The acetone solution, after being concentrated, deposited crude 
thianthren, which was crystallised from alcohol. It then melted 
at 160° (nuxed m. p. with thianthren, 160°), and gave the violet 
coloration with sulphuric acid characteristic of thianthren. During 
the first stage of the reaction, chlorine was evolved together with 
hydrogen chloride, but the evolution ceased during the progress 
of the reaction. 

lodobenzene and aluminium amalgam were warmed on the 
water-bath and refluxed with carbon disulphide for many hours 
without any change occurring. Sulphur chloride and iodobenzene 
were similarly heated on the watcr-hath without reacting. When, 
however, the amalgam was dropped into a mixture of sulphur 
chloride and iodohenzene, a vigorous reaction immediately began, 
with the instantaneous separation of iodine. The ameunt of 
iodine liberated roughly corresponded with that present in the 
lodobenzene. 

Thianthrendicarbo.rylic .1 cid. 

Three c.c, of freshly-distilled sulphur chloride were condensed 
with 2 c.c. of freshly-distilled benzoyl chloride by heating at 110 
for two hours. The traces of unchanged constituents were removed 
by heating in a current of dry air, and the product was decomposed 
with ice and extracted with a dilute solution of sodium hydroxide, 
from which it was precipitated by dilute hydrochloric acid. The 
precipitate was crystallised from boiling water to which a little 
alcohol had been added. Pale yellow leaflets appeared while the 
liquid was still hot. The solution was filtered without coohng. 
The thianthrendicarboxylic acid crystallised in flakes, m. p. ‘ 
(Pound : S = 21-2. CyH804S2 requires S = 21-05 per cenh Found; 
in the barium salt, Ba = 3M. Ci^HeOiSaBa requires " 

per cent.), gave a pink coloration with sulphuric acid, an o 
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carbon dioxide when it was melted and kept at 210“ for some 
time; the cold mass crystallised from a mixture of chloroform and 
alcohol and was identified as thianthren. 

Attempts to condense sulphur chloride with p-benzoquinone, 
ethyl benzoate, or nitrobenzene in the presence of aluminium 
amalgam were unsuccessful. In the case of p-iodotoluene, the 
iodine was entirely eliminated, but the product was resinou.s and 
resisted all attempts to crystallise it. 

My best thanks are offered to Sir P. C. Ray, Dr. P. C. Miller, 
.and Dr. H. K. Sen for the interest the\' have taken in the work. 

Chemical L.aboh.atory, 

University Coli.ece or Science, 

C.M.I'IITrA, WIeenml, 23)v). 1(1 JI,] 


(!CXXIV. — The, Solubility of (Jlucinum Sulphate iv 
Water and Sulphuric Acid at 2f)°. 

By Hubert Thomas Stanley Britton, 

The solubility of glucinum sulphate in water and in sulphuric acid 
of varying concentrations was investigated at 2r>“ by Wirtlv 
{Zeitsch. atwrg. Cheni., lOl.S, 79, 307). Hts investigations were 
carried out by allowing glucuium sulphate he.vahydrate to attain 
equilibrium at 25° with the liquid phase. In this ivay, he found 
1-96 grams of glueina in 100 grams of aqueous solution, but when 
the estimation was carried out by first raising the temperature of 
the mixture and then allowing it to attain equilibrium at 25°, 
1-984 grams of glueina were found. Prom Wirth’s data, it appears 
(hat the stable solid phase in equilibrium with aqueous solutions 
and with solutions in sulphuric acid of concentrations up to thirteen 
normal is the hexahydrate; above such concentration the tetra- 
hydrate becomes the stable solid pha.se. This is contrary to the 
author’s experience, tor whenever crystals of glucinum sulphate 
have been prepared, either from aqueous or sulphuric, acid solutions 
of varying concentration, they have invariably been the tetra- 
hydrate. If, however, care is not taken to reduce the amount of 
ammonia adsorbed by the glucinum hydroxide before dissolving 
in sulphuric acid, crystals of glucinum ammonium sulphate will 
result {vide, this vol,, p. 1465). 

Moreover, Wirth found that the solubility of glucinum sulphate 
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in equilibrium with the hexahySrate was only 8-212 grams ot 
glucinum sulphate in 100 grains of solution, whereas the author 
found that 100 grams of solution saturated ivith respect to the 
tetrahydrate contained 29-94 grams of glucinum sulphate, Inci. 
dentally, this figure appears to be in agreement with that found 
by Levi Malvano * at 30° (Zcilsch. anorg. Chm., 1905, 48, 452), 
namely, 30-5 grams. Hence, it was beheved that at the nrditiary 
temperature the stable solid phase was the tetrahydrate, and 
consequently if a raetastable hydrate exists at such temperature, 
the amount ot glucinum sulphate in solution in equilibrium witli 
it, must be greater, and not less as found by Wirth. 

Marignac chim. phys., 1873, [iv], 30, 45) thought that he 

once obtained the hexahydrate by evaporating a supersaturated 
solution of sodium sulphate and glucinum sulphate, which, on 
exposure to air, effloresced. Levi Malvano (loc. cit.) obtained the 
hexahydrate from a commercial source. He states that he was 
only able to prepare the hexahydrate after many fruitless attempts, 
but that having once been prepared, the hexahydrate alwaj-s 
crystallised from its aqueous solutions over a considerable range 
of temperature. Many methods, generally employed for the 
preparation of metastable hydrates, were adopted in trying to 
obtain the hexahydrate from solutions of the tetrahydrate, such 
as evaporation over sulphuric acid, subjection to cold and inomla- 
tion with crystals of the hexahydrate. In every case the tetia- 
hydrate crystallised out. The successful method was to prepare 
a hkhly supersaturated solution by dissolving excess of either 
glucinum hydroxide or carbonate in concentrated sulphune acid 
which had been slightly diluted, and then suddenly shaking at 
the ordinary temperature, when crystals containmg six moleciite 
of water separated out and were identical with the commercial 

product. They were quite stable in air. It is interesting to note 
Levi Malvano’s observation that glucinum sulphate hexahydrate 
always crystallised from solutions made from it. ^e appears o 
have been under the impression that the nature of e 
varied with the hydr. ion of the erj-stals fmm which the soLt o 
was made. This he further demonstrated by stating th t t 
glucinum oxide obtained by pnieipitation with ammonmm sujto 
Lm solutions of the tetrahydrate was, on ignition, 
that from hexahydrate solutions was blue, ^ 
glucinum hydroxide precipitate together with the hi PP 

• Levi Malvano’s analysis of gl™™” for “ SO,," 

The data given for “ SO, ” are too high. ‘"8 “ H 0 are coriesponl' 
and as the figures given for GIO are accurate, those for H,0 are c 

ingly lew. 
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lias not been sufficiently prolonged, the resulting ash is often 
faintly blue, no doubt due to the presence of a bttle carbon, for 
on further ignition the oxide becomes white. Parsons and Fuller 
{Science, 1906, 24 , 202) made repeated attempts to obtain the 
hexahydrate, but every attempt was futile, although they state that 
they faithfully followed Levi Malvano’s instructions, besides 
trying other methods. Furthermore, Parsons (“ Chemistry of 
Beryllium,” 1908, p. 33) states that he obtained a bottle labelled 
“hexahydrate” from the dealers from whom Levi Malvano pro- 
cured his supply; analysis of the contents proved them to he 
nothing but the regular tetrahydrate. Taboury {Compt. rend., 
1914, 159 , 180) was unable to prepare the hexahydrate. The 
author has also been unable to prepare the hexahydrate either 
according to Levi Malvano, or, as the following solubility deter- 
minations show, to Wirth. 


Experimental. 

Solutions of sulphuric acid of various normalities were warmed 
and saturated with pure glucinum sulphate tetrahydrate. They 
were then placed in a thermostat which had been carefully regulated 
at 25'0 ± 0-1°, and mechanically stirred until equilibrium between 
the liquid phase and the soUd phase which had crystallised out 
had been attained. In all cases a day’s stirring was found to 
be sufficient; examination of the liquid phase after further periods 
of stirring, from one to three days, showed no further change in 
its composition. After the solid phase had been allowed to settle 
completely, exactly 20 o.c. of the clear liquid phase were pipetted 
into a tared beaker and weighed. These solutions were made up 
to 250 O.C., and aUquot portions taken for the estimation of glucinum 
oxide and total sulphate. From these data, the amount of glucina 
in 100 grams of solution and also the final concentration of the free 
.sulphuric acid were calculated. 

To ascertain the nature of the solid phases, the following procedure 
was adopted. They were dried as well as possible between filter- 
papers, and the porcent^e of glucina estimated by strongly heating 
weighed quantities to constant weight {vide this vol., p. 1465). 

Besides allowing the solid phases to crystallise out from super- 
saturated solutions at 25° as in the above determinations, further 
determinations were made by mixing solutions of sulphuric acid 
with excess of glucinum sulphate tetrahydrate crystals at room 
temperature and again stirring until both phases were in equilibrium 
one with the other. Again a day’s stirring was all that was found 
necessary. 
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Results. 


Siilphuric acid. 


No. Normality. Percentage. 


1 

Water 

— . 

2 

3-39 

12-91 

3 

5-01 

19-17 

4 

5-87 

22-36 


8-66 

32-04 

0 

11-10 

40-34 

y 

13-23 

46-59 

8 

16-70 

55-.50 

9 

19-23 

62-02 

10 

20-65 

66-07 

11 

20-70 

66-10 


♦ Compare percentage of 
14-17; aiS0.,.CTT,0 il'TS. 


100 Grams of 


eaturated solution 

Percentage 

contain 

of GIO in 

grams of 

grams of 

moist solid 

GIO. 

GISO 4 . 

phase.* 

7-152 

29-94 

14-2 

4-900 

20-51 

13-5 

3-800 

16-91 

13-7 

3-261 

13*65 

13-5 

2-057 

8-61 

14-0 

1-254 

5-25 

13-1 

0-846 

3-54 

13-2 

0-486 

2-04 

13-5 

0-234 

0-98 

13-4 

0-213 

0-89 

13-2 

0-200 

0-86 

13-4 

GIO in G 1 S 04 , 2 H .0 17’79; 


Solid 

phase.* 


oiso,, 


4H„0 


G1SO,.4H,0 - 


All the above results, except Nos. 4, 10, and 11, were obtained 
from solutions which had been .saturated with glucinuni sulphate 
at a temperature above 25'’, from which it was in each case found 


VlG. 1. 



that glucinum sulphate tetrahydrate had crystallised. Nos. 4, 10, 
and 11 are the results obtained by aUowing the solid phase- 
glucinum sulphate tetrahydrate— to attain equihbriura with 
.solutions of .sulphuric aeid at '25°. These data are shown grap ica y 
in Fig. 1, using as ordinate and abscissa the same magnitudes as 
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were employed by Wirth. The curve obtained by Wirth is shown 
by the thinner lines. 

Summary. 

It will be seen that the curve is quite different from that obtained 
by Wirth. No evidence of the crystallisation of the hexahydrate 
from the more dilute solutions of sulphuric acid as found by Wirth 
lias been obtained, no matter in which way the solubility deter- 
iiiinations were carried out, and even that part of Worth’s curve 
which shows the composition of liquid phases in equilibrium with 
the tetrahydrate is somewhat higher than that represented above. 
From the smooth character of the curve representing solutions 
of glucinum sulphate in equilibrium with gliicinum sulphate tetra- 
liydrate, and from the fact that the tetrahydrate is tlie solid phase 
which is always deposited from saturated solutions under ordinary 
conditions, there appears to be no doubt that it is the .stable hydrate. 
If a metastable hydrate exists, the amount of glucinum sulphate 
in solution in equilibrium with it being greater, the curve showing 
the concentrations of the solutions in equilibrium with it must 
lie above the curve given, which appeai-s improbable. If the 
hexahydrate does exist, it appears that the ('()nditions for its 
preparation have not yet been described. 

The author desires to express his thanks to the Chemical Society 
for a grant from their Research Fund. 

UNlVEFtSITY OF LONDON, 

Kino’s CoLUiOK, Stram*, \V.(\2. [Ref'eli’cd, Xovemhe.r l^^ 1921. j 


CCXXV . — Studies on the Dependence of Optical 
Rotatory Power on Chemical Conslitution. Part 
IV. Aryl Derivatives of Bisiminocamphor. 

By Bawa Kartae Singu, JIahas Sinuh, and Jiwan Lal. 

The remarkably high molecular rotatory power displayed by 
products of condensing camphorquinone with aryldiamines was 
first noticed in connexion with p-phenylenebisiminocamphor 
(Forster and Thornley, T,, 1909, 95, 941). The rotation of this 
compound is greatly exceeded by that of 1 : 4-naphthylenebisimino- 
eamphor (B. K. Singh and M. Singh, T., 1920, 117, 1599), and we 
now find that the molecular rotatory power of pp'- bisiminocamphor- 
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diphenylamine, prepared from eamphorquinone and pp'-diamino. 
diphenylamine, is even greater, as indicated below : 

Chloro- Methyl Ethyl 

form. alcohol, alcohol. Pyridine 

pp'-Bisiminocamphordiphenylamine 11385® 12375® 14231° 13288“ 

I : 4.Naphthylenebisimmocamphor 8175 9052 12071 13416 

p-Phenj’lenebisiminocaTnphor C088 5009 5289 0173 


The conventional formnla foppp'-bisiminocamphordiphenylamine^ 
in which the continuity of conjugated bnkings is broken, suggests 


(!■) 


CsHh<J;o 




\=/ 


•n:c- 




an exception to the generalisation which has arisen from the study 
of such substances, namely, exaltation of rotatory power following 
concentration of conjugated linkings, azethenoid groups and benzene 
rings within a narrow molecular compass (Forster and Spinner, 
T., 1919, 115, 889; B. K. Singh and M. Singh, loe. cit.). A similar 
anomaly is presented by camphorylaminophenyliminocamphor 
(Forster and Saville, this vol, p. 789), the molecular rotatory 
power of which exceeds that of p-phenylenebisiminoeamphor. 
The case of pp'-hisiminocamphordiphenylamine, however, can be 
brought into harmony with the above generalisation by represent- 
ing one of the benzene rings in the quinonoid form capable of 
displaying double symmetric tautomerism. 


(II.) 




C.N— \ 


Ho-cr 


C„H„ 


0 H 








the continuity of the .-onjugated linkings thus becoming restored. 
The fluorescence to be expected from such a compound is, m tins 
case, weak, but a hydroxyl group is indicated by the greenish-ied 
coloration with ferric chloride. 

pp'-Bisiminocamphordiphenylamine is interesting also as a rare 
example of optically active dyes. Furthermore, it is phototropic 
and thermotropic, the yellow form changing to brown in sunlight; 
although the converse change does not occur in darkness, t e 
brown modification rapidly becomes yellow above 75 . The remain 
ing new compounds described in this paper, namely, oo -ditoj/tne 
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Ijisiminommphor, oo'-dimethoxydiphenylenebisiminocamplior, and 
^yp'-dipttmylenebisaminocamphor, are in agreement with the above- 
mentioned generalisation ; the first-named resembles j)p’-di- 
phenylenehisiminocamphor (Forster and Spinner, loc. cit.) in being 
dimorphous, but, unlike the authors quoted, we have reduced the 
latter substance to pp'-diphenylenebisaminocamphor. The effect 
of ortho- substitution on the rotatory power of pp'-diphenylene- 
bisiminocamphor is very depressant, as indicated by' the following 
measurements ; 

[Ifh; 

Chloroform. Methyl alcohol. 


jjp'.Diphonylfinebisiminocamphor : 

(а) Yellowish-green .1172^ 

(б) Golden-brown oWIJ 5020° 

oo’ -Ditolylenebisiminoc-amphor : 

(n) Green : :W2» 3274 

(6) Golden-yellow 4007 3462 

ocbDimothoxydiplienylenebisiminocamphor ... 201(3 1576 


Thus the sequence of substituents in order of diminisliing rotatory 
power is H > CHj > OCH,. 


Experimental. 

oo’-DiColykncbisiminoMmphar, 

“^CO OC" * 

Oamphorquinone {3-3 grams), tolidine dihydroohloride (2-85 
grams), and excess of fused sodium acetate having been heated 
on the water-bath during four hours, the hard mass was extracted 
with 10 c.c. of cold alcohol, and the residue undissolved by water 
was crystallised fractionally from ether. The less soluble, pre- 
ponderating component (a), which separated in long, green prisms, 
melts at 200 — 201°, and is readily soluble in chloroform, acetone, 
or hot ethyl alcohol, less so in methyl alcohol or ether; it is 
insoluble in cold ethyl alcohol or water (Found : N = 5-2. 
CjjHjjOjNj requires N = 5-6 per cent.). The more soluble form {b), 
in golden-yellow prisms, melts at 198 — 199°, and is readily soluble 
in chloroform or acetone, less so in hot ethyl alcohol, and even 
more insoluble in hot methyl alcohol (Found ; N = 5-2 per cent.), 
A mixture of a and b in equal amounts melts at 192 — 193°. 

The following measurements of rotatory power, in common with 
all noted in this paper, are recorded as relating to the specified 
weight of material in 100 c.c. observed in a 2-dcm. tube, the initial 
reading having been taken within half-an-hour : 
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Temper- 

Solvent, Gr./lOOc.c. ature. a,. [o]„. 

Chloroform O’ 1280 (a) 29“ 1’98“ 773“ 392 q= 

Methyl alcohol ...... 0T148 (a) 30 T4S 645 327i 

Chloroform 0'05G4 ( 6 ) 29 0‘89 7 89 4002 

Acetone 0-2708 ( 6 ) 21 3-98 736 3735 

Methyl alcohol 0-0834 ( 6 ) 29 1-14 683 3470 


The foregoinn rotations remained unchanged during twenty.fou,. 
hour.s. 


cKi'-Dimethoxydiphemilendiisiniinocamphor, 

,, „ /C;n-c„h,(0-C'H.,)-CcH3(0-ch3)-n:'Xc h 

Caiuphortiuinonc (.9-3 grams), diauisidine dihydroehloride (J.l) 
grams), and excess of sodium acetate having been heated on the 
water-bath during four hours, the residue undissolved by 10 c.c. 
of cold alcohol followed by water was crystallised from hot alcohol, 
which deposited thin, green prisms melting at 186° (Fcuml: 
N — 4-84. C 34 H 4 (| 04 N 2 requires N — 5-18 per cent.). The sub- 
stance dissolves very readily in chloroform or ether, less so in 
methyl alcohol and hot ethyl alcohol ; it doe.s not display 
mutai-otatinn : 


Temper- 

Solvent. Gr./lOOe.c. ature. «i,. [oV 

Chloroform 0’1670 -2® 1,’24° 371“ 2003“ 

Methyl alcohol „ l*’>3 290 1561 


^p'-DiphenylenebisaminocampJu/r, 




The pp'-diphenylenebisimiuocamphor required in preparing the 
above product of reduction was divided into the less soluble 
component [a], which separated in yellowish-green prisms melting 
at 276°, and the more soluble component (6), forming golden-broffii 
needles which melt at 274°, as described by Forster and Spinner 
(foe. cit.) ; a mixture o' a and 6 in equal amounts melts at 267". 
The substance does not display mutarotation : 


Solvent. ' Gr./lOO c.c. 

Chloroform 0'2570 (o) 

0-4730 ( 6 ) 

Methyl alcohol ... 0'090S ( 6 ) 


Temper- 

ature. 

Oj>- 

Wd' 

[M]r 

35" 

5-86“ 

1140“ 

5472“ 


10-71 

1132 

5433 

29 

1-90 

1046 

5020 


pp' .Diphenylenebisaminocamphor was produced from both modifi- 
cations on agitating ethereal solutions with zinc dust and 10 per 
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cent, aqueous potassium hydroxide during six hours, the residue 
from evaporating the colourless solution being crystallised from 
hot alcohol, which deposited plates on cooling. The product from 
each source, and a mixture thereof, melted at 214° (Found : 
C = 79-4, H = 8 28. C32H^02N2 requires C = 79-3; H = 8-27 
per cent.). It is insoluhle in water, but dissolves readily in 
chloroform or acetone ; less so in methyl or ethyl alcohol. 


Temper- 

Solvent. Gr./100c.e. ature. [n]„. [Jtf]„. 

Chloroform 0‘2920 17° O'o7° 97'(j° 472“ 

Methyl alcohol 0-06.50 „ 0-10 76-9 372 

Acetone. 0-1435 „ 0-47 163-7 702 


The substance, either solid or dissolved, becomes yellow in sunlight 
and remains in this form when left in darkness ; the above solution 
in acetone, after six hours in sunlight, gave [*]„282°, whence 
1365°, unchanged after twelve hours in darkness. 


^^'■Bidminocamphot'iiplitnylamim (I or 11). 

Camphorquinone (1-66 grams), pp'-diaminodiphenylamino (1 
gram), and fused sodium acetate were heated on the water-bath 
during two hours, the product being extracted with absolute alcohol, 
precipitated by water, and rcdissolvcd in hot alcohol, from which 
the substance crystallised (Found : N = 8-06. CjjHjjOjNj requires 
N = 8 48 per cent.). It forms yellow prisms melting at 210—212°, 
and is insoluble in water, but dis.solves in chloroform, benzene, or 
methyl alcohol, and less readily in ethyl alcohol. The alcoholic 
solution develops a greenish-red coloration -with ferric chloride, and 
a deep, but transient, cherry red with mineral acids, becoming 
yellow with alkalis and returning with acids. It dyes wool yellow 
with alum, and somewhat deeper with chrome in an alcoholic bath 
of 2 per cent. The fluorescence in organic solvents is a feeble 
green, and there is no mutarotation : 


Temper- 

Solvent. (ji'./lOOc.c. ature. a„. [aj^. 

thloroforin 0-1300 23° 5-98° 2300° 1138.5° 

„ (brawn foi.-n)... 0-0364 30 1-72 2370 11731 

Methyl alcohol 0-0.5.54 23 2-77 2500 12375 

Acetone 0-0376 19 1-99 2646 13097 

Ethyl alcohol 0-0440 „ 2-S3 2875 14231 

Tyridine 0-1084 30 6-82 2685 13288 


Exposure to sunlight during a few minutes converts the substance 
into a brown modification which does not revert in darkness, but 
becomes yellow when heated above 75°, The two forms and their 
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mixture molt at the same temperature and have the same rotatory 
power. 

For comparison with aryl derivatives of bisiminocamphor the 
parent substance, azocamphanone, was examined in the polarimetet 
(compare Forster and Zimmerli, T-, 1910, 97, 2165) ; 


Solvent. 

Chloroform .... 
Methyl alcohol . 


Temper- 


Gr./lOO c.c. 

ature. 

Ug. 



. 0-2605 

' 30® 

0-98° 

188® 

616® 

. 0-1660 

„ 

0-76 

229 

750 


Hydrochlorides of Bases in Condensation. 

Free tolidine and dianisidine do not undergo condensation with 
camphorquinone even at high temperatures (120 125°) and with 
prolonged heating alone, or with sodium sulphate or zinc chloride. 
Action proceeds readily with the hydrochlorides, however, and 
benzidine combines in either form (compare G. M. Robinson and 
E. Robinson, T., 1918, 113, 644). 


One of us (M, S.) desires to make acknowledgment to the Punjab 
University for the Macleod-Kapurthala Research Scholarship wiiicli 
has enabled him to collaborate. 

Patna COLtEOE, Patna, . , 

Biuae a-vd Oeissa, I.ndla. [liecm-ed, November Isl, 1921.] 


CCXXVI.—Tke Reversibility of the Michael Reaclm. 

By Christopheb Kelk Ingold and Walteb James Poweu, 

Although the condensation of a[l-unsaturated esters with sodium 
derivatives of compounds of the type of ethyl malonate, generaDy 
known as the Jlichael reaction, is one of the most valuable methods 
of synthesis in the hands of the organic chemist, its mechanism and 
controUing conditions appear to have received smgularly little 
attention. This is particularly remarkable when it is recalled that 
the mechanism of the aoctoacetic ester condensation, of the Perkm 
reaction, and indeed of most of the important synthetical processes, 
has been the subject of protracted controversies. 

During the course of an inquiry into the reason why certain 
attempts to produce derivatives of methanetriacetic acid by means 
of the Michael reaction met with no success, facts were discovered 
(Ingold and Perren, this vol., p. 1865) which strongly suggeste t 
the Michael condensation is a reversible process, at least in e 
particular series of compounds dealt with. Therefore it seem 
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interest to ascertam (o) whether, the reversibihty of the reaction is 
a general phenomenon, (6) further, supposing this to be so, how the 
tendency towards reversion is conditioned by the structures of the 
substances concerned, and (c), finally, how the equilibrium, in any 
particular case, may be displaced in a desired direction by adjusting 
the experimental conditions. The present paper is a preliminary 
attempt to find the answers to these questions, which will now be 
discussed in turn. 

(a) It is convenient to adopt the equation 

V M ~ 0 , . , , • (i) 

where V is an unsaturated ester, M the sodio-derivativc of malonic 
ester or some other ester of a similar type, and C the condensation 
product, as a symbolic expression in general terms of any Michael 
condensation ; the converse equation 

C===V + M (ii) 

ivill therefore denote any retrograde Michael condensation, Now 
it so happens that in ail the instances previously recorded {he. cit.) 
reaction (ii), when observed at all, proceeded so nearly to completion 
that it was impossible to obtain the condensation product C by the 
corresponding direct reaction (i). C had to be produced by an 
indirect means (introducing the substituted acetic acid chains in a 
different order) which, however, cannot be employed excepting in 
the methanetriacetic acid series. Therefore, in order to establish 
the generality of the phenomenon, it was essential to select for 
examination instances (outside the methanetriacetic acid series) in 
which there would appear to be a more even balance between the 
reactions (i) and (ii). On examining the literature, and, in particular, 
the yields of condensation products obtained by various investigators, 
it quickly became apparent that the vast majority of the recorded 
instances of condensations between ethyl malonate and esters of the 
acrylic acid series probably belong to this category, and it was 
decided, consequently, to approach the problem by reinvestigating 
two typical condensations which have some claim to be regarded as 
being amongst the most classical instances of the Michael reaction. 
The examples chosen were (a) the condensation of ethyl cinnamate 
with ethyl malonate, the first recorded instance of the reaction 
(Michael, J.pr. Chem., 1887, [ii], 35, 351), and ((5) the condensation 
of ethyl pp-dimethylacrylate with ethyl malonate, a reaction which 
formed the starting-point of most of the earlier important synthetical 
experiments dealing with the constitution of camphor and its 
degradation products (Goodwin and Perkin, P., 1894, 10 , 64; 
T-, 1896, 69, 1472; Auwers, Ber., 1895, 28 , 1130; Anmkn, 1896, 
292 , 145; Perkin and Thorpe, T., 1899, 75 , 51). 
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In the first place, it was necessary to show that the retrograde 
reaction could be realised in these instances. This presented no 
difficulty, ior when the pure condensation products (ethyl P-phenyl. 
propane-aocy-tricarboxylate and ethyl pp-dimethylpropane-M.j,. 
tricarboxylate) were dissolved in alcoholic solutions containing 
equivalent quantities of sodium ethoxide, and heated at 100° under 
the conditions usually employed in carrying out ordinary Michael 
reactions, fission occurred to the extent of approximately 60 per 
cent, in the sense of the following equations : 

CHPh<^y<P($^2Et)2 _ CHPh:CH-CO,Et + CH^lCOjEtj^ 

= CMe,:CH-CO,Et + CH,(CO,Et), 

Vrom this result the attainment of equilibria appears to follow as a 
necessary corollary. Moreover, it rapidly became clear in the course 
of the experimental investigation that essentially the same equili- 
brium is invariablv attained, no matter whether it be approached 
by the direct or by the retrograde process; no matter, therefoio, 
whether the starting-point be the pure product C, or a mixture of 
equivalent amounts of the constituent esters 17 and M, or anj 
mixture of this mixture with the ester C, always provided that 
sufficient time be allowed for the equilibrium to be reached. 

(6) It would be a matter of the greatest interest to obtain a 
collection of accurate values for the equilibria with ethyl malonate 
at different temperatures and concentrations of a series of ix- and 
^-substituted acrylic esters. Unfortunately, the method of separat. 
ing by fractional distillation the three esters present at equilibrium 
is a cumbersome and inaccurate way of estimating their relatiu 
proportions, but for lack of suitable analytical processes this has 
been the method employed in the present investigation. Howertr, 
where similar experimental conditions have been used, the yjl > 
obtained are in moderately close agreement with those recorded b; 
previous workers {loc. cit. Vide also Michael) Ber., 19Wj ^ | ' 

Perkin, T., 1896, 69, '467), and the following table is probably a 
not very inaccurate statement of the equilibria which can be 
reached under the customary experimental conditions (Solveii . 
99-8 per cent, ethyl alcohol. Concentration : 300 grams o a co o 
for gram-molecular quantities of the reactants). 

Yield of C (per cent.). 

Condensation Product (C). Temp. lOO”. Temp- =» ■ 

Ethyl 3-methylpropane-«oY-tricarboxylate 

„ ^-phenylpropan 6 -oft 7 -tricarboxylate • ^ 

„ j83-diinethyIpropane-aa7-tricarboxylate o ? 

,, . o3j3 trimethylpropano-oo7-tricarboxylate ... trace 
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The effect on ring closure of the jm-dimethyl group, and in general 
of substituents of considerable atomic or molecular volume, has 
been emphasised in two recent communications (Ingold, this vol,, 
pp 305, 951). It has been proved, for instance, that derivatives of 
pp-dimethylglutario acid pass, by the interaction of substituents 
attached to the two acetic acid chains, into cyclic compounds more 
readily than do similar derivatives of glutaric acid. There is much 
evidence tending to show that the acetic acid residues am in closer 
proximity in the former case than in the latter. It seems, therefore, 
very reasonable to suppose, for instance, that the acetic and malonic 
ester chains in ethyl pp-dimethylpropane-may-tricarboxylate are in 
closer proximity than those in ethyl p-mcthylpropane-aay-tri- 
carboxylate ; further, because the accumulation of bulky groups in 
a restricted space is invariably a condition of instability, it must 
follow that the convergence of these chains caused by the groups 
attached to the p-carbon atom of the glutaric acid derivative must 
determine its tendency towards decomposition into smaller mole- 
cules. It is obvious from the table that this tendency towards 
disruption is greater in the ease of the pp-dimethy! compound than 
with the P-methyl analogue. The single phenyl group occupies a 
position intermediate between the single methyl group and the 
jem-dimethyl group, whilst the remarkable effect of introducing a 
substituent into the acetic acid chain, an effect so noticeable in the 
methanetriaoetio acid series (toe. cU.), is again observed in the case 
of the trimethyl compound.* 

We have, therefore, a method of considerable potential value for 
determining the effect of substitution on the stability of a carbon 
chain, but it is unfortunate that in this field, in which certain thermal 
and thermochemioal determinations would be of the greatest 
«rvioe, very few measurements have been made. It would appear, 
however, that the heat of a reaction of type (i) is usually positive, 
and that, as follows from the formula d log, K jdT = — 
the e<[uilibrium moves in the direction which favours the product 
C when the temperature is reduced. Moreover, the same formula 
shows that Q must be greater for the condensation between ethyl 
malonate and ethyl oinnamate than for that between ethyl malonate 
and ethyl dimethylacrylate, although no direct experimental 

* The eSect of the electiorhomical character of suKstituent groups is also 
easily appreciable, as many instances, which lie without tho scope of this 
paper, show. The larger yields of condensation products obtained when 
?thyl malonate is replaced by etliyl cyanoacetote (compare, for instance, 
Perkin and Thorpe, T., 1899, 75f 52) may be attributed in part to tho more 
intense polar character of the CN-group, but hero again tho difference is in 
the sense which accords with the relation between the molecular volumes of 
the groups concerned. 
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determinations have as yet been made. As Nernst {Wied. Annakrt^ 
1894, 53, 57), Bodlander {Zeiisch. physikal. Chem., 1898, 27, 55 )’ 
and others have shown, Q and the osmotic work A do not differ bj 
much if no gaseous substances take part in the equilibriuia, anj 
is the common value towards which Q and A converge which is the 
true measure of the stability of the molecule. 

(c) The above considerations show that if it be desired to prepare 
the compound C by means of reaction (i), there are certain facton 
by adjusting which the equilibrium may be caused to move in the 
direction favouring the production of that substance. Thus the 
equilibrium may be disturbed by some further change, either 
physical or chemical. To take a single instance of the effect of 
concentration, if two-thirds of the theoretical quantity oi ethyl 
oinnamate be used in the preparation of ethyl P-phenylpropane- 
siy-trioarboxylate, the yield obtained on allowing the reaction to 
take place at 25° (other conditions being as indicated on p. 1978) is 
more than 80 per cent, of the theoretical, calculated on the ethyl 
oinnamate employed. 

The table on p. 1978 shows in a very clear manner the efiect of 
lower temperatures on the equihbrium quantities of the condensa. 
tion products. It is curious that none of the investigators previously 
referred to, for whom the preparation of ethyl pp-dimethylpropanc- 
aay-trioarboxylate was the .starting-point of their synthetical ex- 
periments, appears to have tried the effect of lower temperatures 
with a view to improve the yields, which, under the conditions 
they employed, were always poor. Michael, on the other hand, 
was fuUy aware that bettcr'yields of ethyl | 3 -phenylpropane-»ytn. 
carboxylate could be obtained by conducting the reaction m the 
cold, but he did not appreciate the fact that the cause of this lay in 
the simultaneous occurrence of the retrograde process. 


Experimental. 

The general plan of these experiments, as weU as the results 
obtained, has been fully described above, and only » 
details need be added .ere, since the method of conduoUng Michae 
condensations is well known. 

Identity and Parity Criteria. 

The ethyl malonate and ethyl cinnamate employed were carefull} 
purified by distillation, and the ethyl P'lf nylpropaue-axytru 
Lrboxylate required for the experiments on the ^ 

was prepared from the other two esters by condensation 

temperature. It was purified by distillation (b. p. 
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25 mm.), and its purity controlled by analysis (Found : C = 63'9 ; 
JI = 7-3. Calc., C = 64-3; H — 7-1 per cent.). 

The products of the retrograde reaction (type ii) were separated 
by fractional distillation. The ethyl cinnamate wa,s identified by 
its boiling point (270 — 274°), by analysis (Found : C — 74-6 ; 
H ^ 6-9. Calc., C = 75-0 ; H = C-8 per cent.), and by hydrolysis 
to cinnamic acid, and the ethyl inalonate by its boiling point 
(195°) and by conversion into inalonamide. 

Ethyl dimethylacrylate was prepared from ethyl a-bromoiso- 
valerate and quinoline (Perkin, foe. cit.) and wa.s so distilled as to 
remove the trace of volatile impurity that often causes the freshly- 
distilled ester to turn pink. The ethyl pp-dimethylpropane-aay- 
tricarbo-^ylate, prepared from ethyl dhncthylaerylate and ethyl 
malonate by condensation at 35°, was purified by distillation (b. p. 
lSl°/28 mm.), and its purity checked by analysis (Found : C = 58’4 ; 
H = 8'4. Calc., C = 58-3 ; H = 8-3 per cent.). 

The ethyl dimethylacrylate isolated from the retrograde reaction 
(type ii) was identified by its boiling point (155°), by analysis 
(Found; C = 65'3; H -= 9'3. Calc., C = C5'0; H = 94 per 
cent.), and by hydrolysis to dimethylacrylic acid. The ethyl 
maionatc was identified as in the previons instance. 

Times Required lo AUtiin Equilibria. 

Equilibrium is attained more rapidly between ethyl malonate, 
ethyl emnamate, and ethyl p-phenylpropane-ocay.tricavboxylate 
than between ethyl malonate, ethyl (3,8.dimcthylac,rylatc, and ethyl 
[j,?-dimethylpropane-oe*'/-tricarho.xylato. In the former case, heat- 
ing tor six hours at 100“ or for one week at 25° suffices for the 
approximate attainment of the equilibria cliaractcristio of these 
temperatures, whilst in the latter it is better to heat the mixture 
far about twenty-four hours at 100° or for two weeks at 35°. 

Methcd of CouducUng Ktlrograde Reactiom (Type ii). Example : 

Decomposition of Ethyl ^ Plienylpropam-axy-tricarhoxylate into 
Ethyl Cinnamate and Ethyl Malonate. 

The following instance illustrates the method employed. Ethyl 
P-phenylpropane-sAy-tricarboxylatc (100 grams) was added to a 
solution of sodium (6'8 grams) in absolute ethyl alcohol (89 grams), 
and the mixture heated at 110° in a closed vessel for seven hours. 
It was then cooled as quickly as possible, poured into dilute hydro- 
chlorio acid, and the esters isolated by extraction with ether in the 
usual manner. On distilling the product under diminished pressure, 
30 grams (30 per cent.) of_ethyl p-phenylpropane-iay-tricarboxylate 
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were recovered (b. p. 220— 224‘’/25 mm.), together with a more 
volatile fraction, which, on refractionating at the ordinary pregsut,. 
yielded 31 grams (60 per cent.) of ethyl cinnamate (b. p. 270-274»)' 
and a quantity of ethyl malonate. Malonic acid also was reoovernj 
from the aqueous liquors. Ten per cent, of the material remainei 
to be accounted for as experimental losses. 

We gratefully acknowledge our indebtedness to Professor J, p 
Thorpe for his interest in this investigation. Part of the cost wag 
defrayed from a grant made by the Chemical Society, to whom also 
w'c wish to record our thanks. 

Imperiai, College of Science and Technology, 

South Kensington, S.W.7. [Received, October Hth, 1921.] 


CCXXVII . — Complex Metallic Ammines. Part Fi. 
cis-PMhalato-, cis-Homophthalato-, and other ft'. 
ethylenediaminecobaltic Salts. 

By James Coopee Duff. 

Ix Part V (this vol., p. 385), a number of cobaltammine salts wrp 
described, which were derived from six dibasic aliphatic acids and 
contained a seven-membered ring in the complex. Werner {Anmkri, 
1911, 386 , 26, 81) was of the opinion that complexes containing a 
higher number of atoms to the ring than six could not be obtained. 
In Part V it was pointed out that Werner was using acids of a tj-pe 
unsuitable to the formation of a ring of more than six atoms in the 
complex. 

The results obtained in Part V {toe. cit.) showed that the comples 
could be enlarged in molecular size, and it was therefore of interest 
to investigate what increase in size of the complex was possible. 
Price and Brazier (T., 1915, 107, 1367) showed that an eight- 
meinbered ring was p. ssible by introducing the sulphur atom into 
the ring, using for the purpose sulphonyldiacetic acid. It vas 
decided to investigate the results obtained by using aromatic 
dibasic acids. In addition to the ring formation, the comples 
would be increased in molecular size by the benzene ring. 

PhthaUc acid was found to give crystaUine compounds con- 
taining the phthalato-radicic in the complex. This means ^ ^ 

complex in these compounds contains a seven-membered mg m 
the benzene ring in addition. Phthalato-compounds, as is to be 
expected, are formed more readily than the correaponding succina 
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compounds (foe. cit.t p, 387)) since pbthalic acid gives an anhydride 
more readily than does succinic acid. 

Price and Duff (T., 1920, 117, 1072) have described the intro- 
duction of the sulphoacetato-radicle into the complex. It has now 
been found possible to introduce the benzylsulphoacetato-radicle. 
o-Sulphobenzoic and bromobenzene-3 ; 4-disulphonic acids have 
been used and both yield crystalline compounds which contain a 
seven-membered ring, and a benzene ring in addition. These 
results correspond with those obtained from sulphoacetic acid and 
mcthionic acid (Price and Duff, foe. cit.), but lead to one more 
carbon atom in the ring system. 

Glutaric acid has been tried tor the purpo.se of forming an eight- 
membered ring in the complex, but it has not produced any 
ciystallisable compounds. Homophthalic acid has, however, 
given crystallisablo compounds which represent the first compounds 
with a complex containing eight atoms in the ring, without the 
presence of sulphur. 

The compounds which have been obtained show that it is possible 
to increase the size of the complex considerably more than Werner 
considered possible. The results give support to the shell formula 
suggested by Friend (this vol., p. 1045), since the zone round the 
cobalt atom is not morea.sed in size by these acids, as is the case 
with tlie co-ordination formula suggested by Werner, It should bo 
noted that the formula, which Friend (foe. cit.) gives for sucoinato- 
diethylenediaminecobaltic salts, is not the most probable. Wemer 
has shown that the corresponding carbonate- and oxalato- salts can 
be resolved into optically active isomerides. In the shell formula, 
cobalt cannot be considered asymmetric, and the optical activity is 
due to nitrogen being a member of two ring systems. This is shown 
by having the ethylenediamine molecules interlocking. This 
interlocking is rendered more probable by the more stable character 
of the compounds compared with those formed from ammonia, 
iormula I would then represent the succinalo-salts. 



(I-) 


(II.) 
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The author is not prepared to support the conclusion of Friend 
{loc. cil.) that oxygen atoms from an acid like succinic or fumaric 
acid could take up poro-position.s in the shell formula. Trans- or 
para- salts of the tetrainmine series change colour in solution from 
green to purple, and Werner has shown conclusively that they are 
then cis- or ortho- salts, and can only be reconverted to tram- or 
para- salts by excess of a strong mineral acid like hydrochloric or 
hydrobromic acid. The formula of irarns-dichlorodiethylenedi. 
aminecobaltic chloride, expressed by the shell theory, would be 
best written as formula II, so that in both the cis- and trans- .?alts 
the ethylcnediamine molecules arc interlocking. The shell theory, 
as Friend {loc. cit.) points out, receives even stronger support from 
compounds like the carbonato-pentammine salts. 


Experimental. 


cm-PUhxModielhyUnediartiiriecoballic Salts, YX, where 
Y = [^C0H4<^q.0!>Co enjj. 


The bromide, YBr.SHjO, separated in minute, purplish-red plates 
when a hot solution of 2-CO grams of phthalic acid was poured into 
a boiling solution of 5 grams of carbonatodiethylenediaminecobaltic 
bromide in 100 c.c. of ivater, and the mixed solution was concen- 
trated to a small bulk on the water-bath, and left in the ice chest 
(Found : Co = 12'21 ; Br = 16-52; H^O - 11-52. 

CiaH^oOABi-Co.SH^O 

requires Co = 12-36; Br = 16-76; H^O = 11-32 per cent.). 

The phthalato-radicle was entirely in the complex, since no 
reaction could detect its presence until the bromide was well boiled 
with dilute hydrochloric acid, when phthalic acid could be crystalliied 


out on cooling. 

The nitrate, YX 03 , 2 iH 20 , was obtained in fine, short, manve 
needles by precipitating a solution of 3 grams of the bromide mlh 
1-20 grams of silver ndrate, filtering and evaporating to smaU bmk 

(Found : Co = 12-99 ; X = 15-35 ; HjO = 9-91. CiaHaoOjNsCo.djHjt 
requires Co = 12-99; N= 15-43; H^O = 9-91 per cent,). 

The hydrogen pUhalate, Y’C02-C5H4-C02H, was obtame m 
microscopic, pink plates by adding 5-2 grams of phthalic acid to a 
boiling solution of the carboiiato-base, prepared from o grams o 
the carbonato-bromide in 100 c.c. of water and 4 grams of tres% 
prepared, moist silver oxide. The resulting solution was evapora 
on the water-bath, and the salt separated in mcreasmg quaiUrty 
as the evaporation proceeded. It is almost insolu e 
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water (Found : Co = 11-38; N = 11-01. CjoHjjOjNiCo requires 
Co = 11-61 ; N = 11-03 per cent.). 


cis-BenzyUulphoaceModielhyletiediammecobaUic Sails, YX, where 
Y= [c,H,-CH<CO^>Coen,]. 

Xhe bromide, YBr, 2 H 20 , was obtained in minute, red, flattened 
needles by adding 3-61 grams of benzylsulphoacetic acid in 60 c.c. 
of water to a hot solution of 5 grams of the carbonato-bromide in 
100 c.o. of water, and then concentrating to low bulk and keeping 
for four weeks in the ice chest (Found ; Co = 11-38; Br = 15-32; 
HjO = 6 - 88 . Ci 3 H 2405 N 4 BrSCo, 2 H 20 reqnires Co = 11-23; 
Br = 15-28 ; HjO = 6-88 per cent.). 

The normal benzykulphoacetate, Y-COj-CjHj-SOa'Y.tH^O, was 
obtained in the attempt to prepare the acid salt from two molecular 
proportions of the acid and one of the oarbonato-base. After- 
evaporation to low bulk and keeping for several weeks in the ice 
chest, the normal salt separated in microscopic, pink crystals 
(Found : Co = 10-58 ; N = 9-95 ; H^O = 6-48. 

CjsHjjOjsN 5S3 Co2,4H20 

requires Co = 10-58 ; N = 10-05 ; HjO = 6-46 per cent.). 


ds-o-SulphobenzoatodiethyknediaminecobaUic Salts, YX, where 

Y = [c4H4<gC,JO>Coen2]. 

The bromide, YBtjHjO, was obtained in microscopic, purple-red 
crystals after the gradual addition of a solution of 3-27 grams of 
sulphobenzoic acid to a boiling solution of 5 grams of the carbonato- 
bromide in 100 c.c. of water, and evaporation to low bulk. Gradual 
addition of the acid was necessary to avoid the formation of the 
hydrogen sulphobenzoatc, which was otherw-ise found to separate 
(Found : Co = 12-18 ; Br = 16-,58; HjO = 3-89. 

CiiH. 2 (, 05 S 4 BrSCo.H 20 

requires Co = 12-36; Br = 16-76; HjO = 3-77 per cent.). 

The hydrogen sulphobenzoatc, Y-S 03 -C 5 H 4 -C 02 H, was obtained in 
minute, pink plates from two molecular proportions of the acid 
and one of the carbonate-base in the usual way. It is much more 
soluble in water than the corresponding phthalato-hydrogen 
phthalate (Found : Co = 9-99 ; N = 9-55. C 18 H 25 O 1 QN 4 S 2 C 0 

requires Co = 10-16; N = 9-66 per cent.). 
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cia-Bromobenzene-H : 4^-disulpho7iaiodietkylenediamiTiecobaltic 
tialta, YX, where Y = j^C,H3Br<.gQ“.Q^Co en^j. 

Broniobeiizene-3 : 4-diaulplionic acid was selected because it 
contains the two sulphonic acid groups in the orf^-position, and it 
was found to behave in a different manner from that of any of the 
other acids used (compare in this respect the results obtained 
mcthionio acid, which is also a disulphonic acid ;^T., ^1920, 117 
1073). With the earbonato-bromide the acid produces the nortnai 
broniobenzene-3 : 4-diaulphonate described below and hydrogen 
bromide is set free ; the latter reacts with some of the earbonato- 
bromide to give the green taw-salt, (BrjCo en2)Br, which could bt 
detected in ery.stalline form in the evaporated solution. 

The bromobenzem-Z : i-disvlphonate, Y-SOj-OjHjBrSOjY, was 
obtained in the usual way from three molecular proportions of th 
acid and two of the carbonato-base. When the two solutions uen 
mixed, separation of the salt began almost at once, and more uas 
obtained by evaporation at the room temperature in a vacuum 
desiccator over sulphuric acid. It was found that evaporating by 
heating caused the solution to turn brown, apparently through 
decomposition. The normal salt was obtained in pale pink, micro- 
scopic crystals (hound; Co = 8’93; N=;8’59; S = IboS, 

CjjHiiOigNgBrjSjCoo requires Co = 9-05 ; N = 8-60; S = Ihll 
per cent.). 

ch-HomophtkahtodiethylenediamijitcobaUic Salts, YX, where 

Y — |^C5H4<. co-0^^° 

The bromide, YBr, was not obtained in a crystalhne form, althoujli 
a red powder answering to it in analysis and properties was obtained 
when ethyl alcohol was added to the very concentrated syrup 
obtained after evaporating a solution of 5 grams of the carbonito- 
bromide, to which 2-82 grams of homophtbalic acid had been 
added. The powder obtained takes up moisture from the air unless 
it has been repeatedly w'a-shed with acetone and, finally, with ether. 
Although insoluble in ethyl alcohol, the powder is readily soluble 
in methyl alcohol. 

The thiocyanate, Y-SCN,H20, was obtained from the foregoing 
product by adding 2 grams of ammonium thiocyanate to a strong 
solution of 2 grams of the bromide. The thiocyanate separates a 
first in a viscid condition, hut after being well washed wUh water an 
redissolved in warm water, it can be crystallised in minute, purpCi 
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irregular plates, after evaporation in a desiccator (Found ; 
Co =13-50; N = 15-93: H20 = 4-28. CiA^OASCo.HjO re- 
quires Co = 13-61 : N = 16-18; H^O = 4-16 per cent,). 

The hydrogen homophthalale, Y-CO^-CHj-CA’COaH, was obtained 
in pink, microscopic needles from two molecular proportions of the 
acid and one of the carbonato-base m the usual way, although 
addition of a few drops of alcohol after evaporation, and keeping 
for four w-eeks in the ice-chest were required to causse crystallisation. 
The salt was obtained in good yield. It is much more soluble in 
cold water than the corresponding product obtained from phthalic 
acid (Found: Co = 10-85; N = 10-5t. CjjHjjOgNjCo requires 
Co = 11-00; N = 10-45 per cent.). 


travs-Dichlorodiethyknediami necobaltk Salts. 

Price and Brazier (T., 1915, 107, 1713) have described a series 
of additive compounds formed from certain dibasic aliphatic acids 
and their acid salts of irana-dichlorodiethylencdiaminecobalt. The 
five acids employed in the preparation of the ces-oompounds 
described above have been used to discover their behaviour -with 
/miM-dichlorodiethylenediaminccobaltic chloride. 

Benzylsulphoaoctic acid, unlike malonic acid, does not give an 
idditive compound. It agrees in its behaviour with sulphoacetio 
icid (T,, 1920, 117, 1075). 

tT:s.r\s-DiddofodielhyleMdiaminecoballk hydrogen benzylsulpho- 
icetate, (CljCo en2)S03-CjHg-C02H, separated readily in grass-green 
leedles when 2 grams of (rorw-dichlorodiethylenediaminccobaltio 
:hloride were stii-red into a solution of 2 grams of benzylsulphoacetio 
icid in 30 o.o. of water (Found: Co = 12-25; 01=14-55. 
CjjHjgOsNjCljSCo requires Co = 12-31 ; Cl = 14-81 per cent.). 

Phthalic acid, like succinic acid, does not form an additive 
compound. As phthalic acid is not sufficiently soluble iu water, it 
was necessary to use sodium hydrogen phthalatc. An alcoholic 
solution was tried unsuccessfully, 

trane-DkhlorodlethylerU'diaminecobaUic hydrogen phthnkite 
separated almost quantitatively in emerald-green plates when a 
-solution of 5 grams of sodium hydrogen phthalate in 25 c.o. of -water 
at 50° was poured into a. cold solution of 4 grams of the trans- 
dichloro-chloride in 20 c.c. of water (Found : Co = 14-09 ; Cl = 16-81. 
CijHjjOAClaCo requires Co = 14-21 ; Cl = 16-63 per cent,). 

iSulphobenzoic acid also does not give an additive compound. 

tvans-DichlorodiethylenediaminerxibaUic hydrogen svdphobenzoate, 
(CljCo enj)S03-C5H4-C0s,H, separated in dark green, elongated 
plates on adding 2 grams of the traiis-dichloro-chlonde to a solution 

VOL. cxix. 3 Y 
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of 4 grams of sulphobenzoio acid in 25 c.c. of water and keepiiw f 
two hours (Found : Co =13-00; Cl =15-61. CuH,,0,N Clsi'" 
requires Co = 13-08; Cl = 15-72 per cent.). * ' “ 

Homophthalio acid was tried, both as the free acid and as t| 
acid sodium salt, with the iraiw-dichloro-chloride, but no crystal 
could be obtained either of an additive compound or of an a -i 
horaophthalate. “ 

Broinobenzene-3 : 4-disulphonic acid behaves differently from a]] 
acids previously used, in its action on the frUM-dichioro-chloridc 
When solutions of the two substances were mixed, instead of a green 
(niM-dichloro-salt forming, all the chlorine was displaced by tlic 
organic acid and a cis-salt soon separated in microscopic, pin); 
crystals. This was found to be the bromobenzene-3 : 4-disulphoii. 
atodiethylenediaminecobaltic broinobenzene-3 : t-disulphonatc 
already described (Found: Co = 9-10; N = 8-65. Calc,, Co = 
9-Oa ; N = 8-60 per cent.). 

Since the work of Price and Brazier (loc. eit.), no other adds have 
so far yielded additive compounds of the type they describe, 

CHKMrf.:.\L DerARTMENT, 

MuNicrpAL Technical School, Birminoham. 

[Rccctced, Odoher l\th, 


CCXXVllL — Separation of Mimihk Liquids l)ij 
Distillation. 

By Arthttr Felix Di'fton. 

The object of the present research is the investigation in tlie 
laboratory of continuous distillation. This involves the eun- 
struction of continuous stills capable of effecting in the laboratoiy 
the perfect separation of a simple binary mixture such as benzt’iiu 
and toluene, which has hitherto not been achieved, and the study 
of their behaviour. A quantity, termed the thermal efficiency, 
has been defined by the author [Phil. Mag., 1921, [vi], 42, 633) to 
afford a comparison of the performance of stills and a measure of 
the approach towards theoretical perfection. 

A typical column for continuous distillation consists of a vertical 
tube into the middle of which the mixture to be distilled is intro- 
duced. The more volatile component is collected at the top of 
the column and the less volatile at the bottom. The upper part, 
that is, the portion above the point at which the mixture is intro- 
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duced, behaves exactly like a still-head for discontinuous working 
and must lose a certain amount, of heat cither throughout its length 
or to a condenser at the toj). To the lower part of the column, 

Vt-.. I. 



on the other hand, heat must be supplied either throughout tlie 
length or to a boiler at the bottom. When the whole of the heat is 
supplied at the bottom, loss of heat from the column must be reduced 
to a minimum. 


3y2 
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As the only form of still-hearl capable of giving perfect separation 
in the laboratory appeared to be the column devised by Dr. S, p 
Dufton {J. Soc. CUm. Ind., 1919, 38, 45t) for the separation of 
small quantities of liquids, it was decided to construct a continuous 
model upon the same principle. This type of column is made by 
creating a spiral track in a narrow annulus between a glass tube and 
an inner core upon which a spiral of wire is wound. Descending 
liquid seals the wire to the walls of the annulus and causes the 
ascending vapour to pass along the spiral track. 

The first successful column made was 200 cm. long and the 
internal diameter increased from 0-45 cm. at the top to 0-9 cm. at 
the bottom {Fig. 1). Heat was supplied electrically at the bottom 
of the still by means of a wire coil immersed in the toluene and the 
rate of heating was measured by means of a watt-meter. To obviate 
any loss of heat from the lower halt of the column, a thick lagging 
of cotton- wool was employed and this lagging was surrounded by s 
steam-jacket. As the temperature at the bottom of the still was 
1 10“ and at the middle of the still 90°, this protection was practicahy 
ideal. The upper halt of the column was also lagged with cotton- 
wool. 

The mixture to bo separated was fed down a short reflux-tube 
into a small flask, where it was electrically preheated to its boiling 
point, and delivered into the middle of the column. A siphon 
maintained the level in the preheater constant and ensured a con- 
stant feed-pressure. The rate of feeding was regulated by altering 
the> siphon level. 

Thermometers reading to 0-l“, calibrated in position by the 
distillation of pure benxene and pure toluene, indicated the pimfy 
of the products. A small window was provided in the jacket to 
enable the boiling point on the toluene thermometer to be read. 
This thermometer formed the lowest portion of the core upon whicli 


the spiral track was wound. 

The still could be regulated by altering the lagging upon the up^r 
half, by adj usting the rate of feeding, and by varying the heat supply 

Tests were made with a 50 pier cent, mixture of benzene and 
toluene, and it was found possible to regulate the still to wor 
automatically, yielding pure benzene and pure toluene contmuoub y, 
the temperatures indicated on the thermometers not ditlenng y 
0-05° from the calibrated temperatures. A rate of feeding o mor 
than 0-a c.c. per minute was attained. 

In one experiment, with a heat supply of 309 calories per m . 
pure benzene and pure toluene were collected each at 
0-26 c.c. per minute. The separation of one gram o 
required, therefore, the expenditure of 1340 calones. 
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NomOGIUM Foil TJIE Calco'lation 
OP THE Th'iiEM.iL Efficiency op 
S- nLL-Iir.ABS StPAEATIXO BBNZ- 
E.NK AND Toluene. 
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Mixture. 
Benzene 
per cent. 


C.c. per 

mini.w. 


/CO -3 



7 - 5 - 

6o4 

SC-l 

1*0^ 

30-^ 


^0'!) 

^O'S 

^0-6 




20 - 




Caloi'ies 
per minute. 


Thermal 
cHicieney 
per cent. 


-ISO 


100 - 



•io-'- 


'lo- 

se— 



■-500 



t /iOO 

500 


'y6CC 

~100 

—800 


I - $00 
^1000 


/o i 


/0-J 


-ISOO 


theoretical quantity of heat required is calculated to be 208 calories 
(A. F. Dufton, loc. cit.) the thermal efficiency of the still was 15*5 
per cent. 
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In another experiment with the same still, the lagging upon the 
upper half of the column was increased. With a rate of heating 
of 215 calories per minute pure benzene and pure toluene were 
collected each at the rate of 0-18 c.c. per minute. This also corre. 
spends with a thermal efficiency of 15-5 per cent. 

Further experiments with this type of column projected with a 
view to obtain an increased rate of feeding, a higher thermal 
efficiency, and easier regulation were discontinued, experiments, 
made concurrently with this investigation, having shown that 
perfect separation in the laboratory is possible with 
3. other types of still-head. Some of the columns used 
appeared to be better adapted for continuous working 
than the Dufton column, which was specially designed 
to have minimum working volume, a matter of para- 
mount importance in the separation of small Quantities 
of liquid, but of no significance at all in continuous 
working. 

In testing various still-heads, in a search for a simply 
constructed column giving with high thermal efficiency 
a pure product at a high rate of distillation per unit 
area of section and per unit volume of column, the 
mixture of benzene and toluene was boiled in a vacuum 
flask as still. Heat was supplied electrically by means 
of a coil of wire wound upon mica immersed in the 
liquid, and the rate of heating was measured by means 
of a watt-meter. The. rate was controlled by means ol 
a rheostat. A thermometer reading to 0T° placed in 
the top of the column showed the temperature oi the 
vapour and indicated the purity of the distillate. The 
thermometer was caUbrated in position in the apparate 
by the distillation of pure benzene, the boiling point, 
corrected for variation of atmospheric pressure, hem? 
taken as 80'2'’. The regime of distillation was so uniform t at 
in one experiment a sudden change in the atmospheric pressure 
amounting only to 1-2 mm. was inferred from the reading of > 
therrnmneter before the reading of the barometer was 
A nomogram (Fig. £), constructed from data given in o 
paper in the PhilosopMml dfayaziuc, was used to 
thermal efficiency from the rate of distillation, the la 
and the composition of the mixture. ^ , 

Tables I and II show the results obtained in expenme 
dephlegmator with 50 c.c. of 80 per cent, and 50 per 
of benzene and toluene. A constant rate of heating o - 
per minute was maintained in each experiment. 
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The dephlegmator was made in a glass tube 1-5 cm. in diameter 
and the length of the column wfia 75 cm. To support the dephleg- 
mating films of liquid, fifteen discs of copper gauze of 80 holes to 
the inch were sealed to the walls at intervals of 4-5 cm. A glass 
siphon tube 3 mm. in diameter was fitted through each disc (Fig. 3) 
to prevent the accumulation of liquid upon the gauze, These tubes 
acted as traps and prevented the vapour from ascending without 
bubbling through the liquid. The dephlegmator differed from that 
of Brown (T., 1880, 37, 49) in that the latter worked with a layer of 
liquid 8 mm. deep upon each gauze. Brown, moreover, used copper 
gauze of 40 mesh, stating that finer gauze would, “ of course,'’ 
mean greater pressure difference between sections. Experiment, 
however, shows the remarkable fact that the same pressure is 
required with gauze of 50, 60, or 80 mesh. The pressure required 
for a mixture of benzene and toluene was 2'5 cm. of liquid and the 
siphons were made to maintain this pre-ssure. 


Time in 
minutes. 

C.c, 

collected. 

Tabi.k I . 

Benzene 
per cent. 

C.c. in the 

per min. mixture. 

Temp, 

Thermal 
efficiency 
per cent. 

0 

0-0 



SO 





6 

3-3 

0-(i0 

79 

80 * 2 ^ 

31 

12 

7-2 

0 * 6 fi 

76*5 

80-2 

35 

18 

11-3 

0-69 

74 

80-2 

37 

24 

15*5 

0-69 

71 

80*2 

38 

30 

19'6 

0 - 6 (> 

07 

80-2 

37 

3i' 

23*4 

0-:)2 

62'5 

80-2 

30 

42 

25 7 

0-30 

59 

80‘2 

22 

48 

27*7 

0-20 

5.7 

SO ‘2 

17 

34 

29‘2 

0-21 

52 

80-2 

14 

«0 

30-2 

0-14 

49*5 

80-2 



0.0 

30-0 

Olo 

475 

80'2 

— 

Time in 
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C.e. 
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T\m.h 
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u. 
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ill the 
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0 
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50 



#_ 
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2-1 
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40 
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22 
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0-39 

45 
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27 

22 -rf 

7-0 

0-40 

41 

80-2 

29 

30 

10-7 

n - 3 o 

30 

80-2 

27 

37 -:> 

13-1 

• 1-30 

32 

80-2 

2.7 

4*) 

15-2 

0-22 

28 

80*2 

21 

. 72 -.‘i 

16-3 

o-i.-) 

20 

80-2 

15 

60 

17'3 

O'li) 

24 

80-2 

13 

67 'o 

17-8 

n -00 

22 

80-2 


7.3 

18-2 

00 .'» 


80-2 


82-5 

IS'O 

003 


80-2 




1994 BONNEIiL AND PEEMAN : THB COLOTO OJ lEON ALDh. 

Table III shows the results obtained with a still-head made t 
filling a glass tube 2-3 cm. in diameter and 100 cm. long with thin 
walled, cylindrical, glass beads 4 mm. long and 4 mm. in diameter 
A mixture of .500 c.c. of benzene with 300 o.c. of toluene was em 
ployed and the rate of heating was 1000 calories per minute through 
out the experiment. 

Tor a 50 per cent, mixture, the thermal efficiency was 47 per cent • 
the rate of distillation was 0-60 c.c. per minute per sq. cm. of cross' 
section and 6-0 c.e. per minute per litre of still-head. This column 
is simple to construct, easy to operate, and not liable to become 
deranged. It appears to possess all the advantages sought for h a 
column for continuous working. 


Table 111. 


Time in 
minutes. 

C.c. 

collected. 

C.c. 

per min. 

Benzene 
per cent. 

in the 
mixture. 

Temp. 

Thermal 
effioieQcy 
per cent. 

0 

0 



62-5 

— 



20 

60 

2-8 

59-5 

80 - 2 ° 

47 

40 

113 

2-7 

57 

80-2 

47 

60 
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2-6 

53 

80-2 

47 

80 

219 

2-5 

48 

80-2 

47 

100 

271 

2-4 

43 

80-2 

47 

120 

314 

2-05 

38 

80-2 

45 

140 

353 

1-7 

33 

80-2 

40 

160 

382 

1-4 

28 

80-2 

38 

180 

408 

11 

23 

80'2 

33 

200 

423 

0’8 

20 

80‘2 

27 

220 

438 

0-7 

17 

802 

27 

240 

4.51 

0-0 

14 

80-2 

27 

260 

402 

o-i 

n 

80*2 

24 

280 

4 <;s 

u -;{ 

10 

SO -2 

17 
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Royal School op AIises, 

London. [/tcceicct?, Anffunt 29f/!, 1921.] 


CCXXIX . — The Colour of Iron Alum- 

By Jane Bonsell and Edgar Philip Perman. 

It is well known to chemists that iron ammonium alum occurs in 
two distinct forms, namely, the more usual form of a violet colons 
and also a colourless form. Ostwald put forward the theory 
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the latter is the pure form, the colour of the other being due to the 
presence of manganese as an impurity (“ GrundUnien der anor- 
ganischen Chemie,” 1900, 585). This might very easily be the 
case, and it was with the view of testing the validity of the hypothesis 
and of investigating the whole question that the. following experi- 
ments were performed. 

1. Testijig the Coloured Variety for ilanganese.— Some of the 
coloured variety was dissolved in water and the iron precipitated as 
basic acetate by means of ammonium acetate and acetic acid. This 
basic acetate was filtered off and thoroughly washed with warm 
water. The washings were added to the filtrate and the whole was 
evaporated to small bulk. Ammonium hydroxide was then added, 
the whole evaporated to dryness, and ignited. If manganese were 
present, it ivould be left as manganese oxide. Actually a faint 
black residue was left, which was tested for manganese by means 
of the borax bead test. The bead remained colourless both in the 
oxidising and the reducing flame, showing that the residue did not 
contain an appreciable quantity of manganese. 

2. Preparation of the Alum by Purifying from Manganese.— 
This experiment was performed to test the previous result. Some 
of the coloured variety was dissolved in water and the iron partly 
precipitated as basic acetate. This basic acetate was filtered off 
and thoroughly washed as before. It was then dissolved in 
dilute sulphuric acid, and the solution divided into two portions, 
A and B. 

A was converted into the alum. On crystaUlsing, it gave coloured 
crystals, 

In B, the iron was again partly precipitated as basic acetate, this 
basic acetate carefully washed as before, again dissolved in sulphuric 
acid, and then converted into the alum. This also yielded coloured 
crystals. It should be noted that both solutions A and B were 
strongly acid. Together, experiments 1 and 2 seem to show that 
the colour was not due to the presence of manganese, but was the 
colour of the pure salt, 

3. Preparation of Colourless Alum. — These experiments fall into 
two divisions : 


A. Attempts to prepare the colourless salt from the shghtly 
reduced alum. 


B. Attempts to prepare it from alum containing ferric hydroxide. 

A . 1 . A small quantity of the colourless alum ivas already available, 
as it had been prepared by a student in carrying out the preparation 
of iron alum as a practical exercise. On being tested, this was 
a own to contain ferrous salt, that is, there had been incomplete 
oxidation. A portion was oxidised with nitric acid in the presence 

3 Y* 
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of sulphuric acid and allowed to crystallise. The solution yielded 
coloured crystals. 

2. Some of the coloured alum was slightly reduced by means o! 
sulphuric acid and iron filings. This solution yielded coloured 
crystals. 

3. Some ferrous sulphate solution was added to a solution of the 
coloured alum and the whole allowed to crystalHse, Coloured 
crystals were obtained. 

Evidently, then, the loss of colour is not due to the presence ot 
ferrous salts, 

B. These experiments were based on the hypothesis that the 
colourless form might be due to the presence of ferric hydroxide. 

1. A solution of the coloured alum was treated with a few drops 
of ammonium hydroxide and left to crystallise, when faintly brown 
crystals separated out. 

2. Equal quantities of the crystals obtained in the previous 
experiment and of the violet crystals, were dissolved together, anil 
the solution was allowed to crystallise. The crystals obtained were 
still of a brown colour, but in both experiments the crystals showed 
no trace of the violet coloration of the original crystals, 

3. A solution of the coloured alum in water was boiled for about 
ten minutes, and then allowed to crystallise, when colourless 
crystals separated out. It is known that solutions of this alum 
hydrolyse to an appreciable extent when heated, if strongly acid 
solutions are not used. 

4. Some of tlie colourless crystals obtained were redissolved in 
water and the solution was made strongly acid. This yielded 
coloured crystals. 

ii. A saturated solution in cold water of the coloured alum was 
prepared and allowed to crystallise. The crystals did not separate 
out for about fifteen days and were of a mixed character, some being 
colourless and some having a faintly violet tinge. The coloiirle» 
crystals were redissolved in cold acid solution and allowed to 
crystallise, when the violet crystals were obtained. 


Comlnsim. 

These simple experiments point to the fact that the 
formfof the iron ammonium alum is the pure form of the sa . ■ 

colorless variety is due to the presence of ferric hydroxide (prob 
colloidal), the brown colour of which neutralises the co 
alum itself. It has also been shown that simply boihng a 
of the alum for a few minutes, bringing about hydrolysis o ^ ’ 
piroduces sufficient ferric hydroxide to neutralise the co o , 
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make the solution yield colourless crystals, except when strongly 
acid solutions axe used. 

In ordinary circumstances, when the alum is being prepared, the 
solutions arc strongly acid, very little hydrolysis takes place, and 
the coloured form is therefore produced. 

UNivERsrrr College, 

Cardiff. [lieeeived, October lOth, 1921 .] 


CC'XXX. — The, Direct lodometric Estimation of Lead 
Peroxide. 

By Samuel Glasstonis. 

The method of the direct iodometric estimation of lead peroxide 
(or of red lead) without distillation was first introduced by Diehl 
{Dingl. polyt. Jmrn., 1882, 246, 196). When lead peroxide is 
acted upon with dilute acid (acetic) in the presence of potassium 
iodide, the iodine hberated in accordance with the following 
equation may be directly titrated with standard thiosulphate 
solution. 

PbOj + 4HI =. Pblj + 2 H 2 O H- Ij. 

An excess of ammonium acetate was added in order to keep the 
lead iodide in solution, as in the solid form it not only interfered 
with the detection of the end point, but also formed an insoluble 
coating round the solid peroxide and thus prevented further action. 
For this reason the acid used in the first place was acetic acid, as 
any stronger acid would be converted into it. 

Topf {Zeitsch. ami. Chem., 1887, 26, 277) slightly modified the 
method of Diehl, by using sodium acetate instead of ammonium 
acetate, and defined the quantilies of the Various reagents to be 
used in the estimation. 

Reinsch (Chan. Zenir., 1907, i, 993), Marche.se (Gnzzelta, 1907, 
37, ii, 292), Beck (Zeitsch. ami. Chem., 1907, 46, 456), and Milbauer 
{Chan. Zeit., 1909, 33, 522) modified the Topf-Diehl method by 
varying the quantities of the substances used in the reaction. 

Chwala and CoUe (Zeitsch. anal. Chem., 1911, 50. 209) examined 
the various modifications of this method and showed that uncertain 
results are caused by (a) the action of iodine on lead salts in the 
presence of acetic acid, resulting in the formation of methyl iodide, 
methyl acetate, and iodoacetic acid, and (b) the reversible reaction 
6 H + 61' + IO 3 ' Slj 4 - SHjO (Sammet, Zeitsch. physikal. Chem., 
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1905, 53, 642), which prevents an appreciable amount of the 
iodine hberated by the lead peroxide from being titrated by 
thiosulphate. 

Milbauer and Pivnicka (Zdlsch. anal. Chem., 1914, 53 , 345) made 
a fairly complete investigation of the various factors involved in the 
Topf-Diehl reaction, and obtained the following results ; (s) the 
effect of time rvas to diminish the amount of “ titratable ” iodine 
formed, for example, when the results obtained were calculated as 
percentages of PbOj, the value obtained after ten minutes was 
90-28, after twelve minutes, 89-6, and after sixty minutes, 86 - 0 ; 
(6) at higher temperatures (up to 60°) lower results w-ere obtained, 
(c) 50 per cent, acetic acid gave a higher result than 5 per cent 
acetic acid, (d) dilution to 200 c.c. gave higher results than dilution 
to 20 C.C., and (e) potassium and sodium acetates gave higher results 
than an equivalent amount of ammonium acetate. As a consequence 
of these investigations, the authors laid down conditions for the 
estimation of lead peroxide by this method ; a glance at their «. 
perimontal results, however, shows that the method cannot be 
regarded as by any means quantitative. 

A further disadvantage of the Topf-Diehl method mentioned by 
Reinders and Hamburger (Zeitsch. amrg. Chem., 1914, 89, 71) is 
the very slow rate of solution of the lead peroxide (or red lead) in 
the acetic acid mixture. 

The object of this work was to find the conditions under which 
the interaction of lead peroxide and hydriodio acid would give 
quantitative and reproducible results. It seemed possible that a 
source of error, in addition to those given by Chwala and Colie 
{loc. cit.), might be the apprecinble reversibihty of the reaction, 
PbOj -f 4HI ^ PbTj + 2 H 2 O -f I 2 
(compare tlie similar reaction with hydrochloric acid, Wescolt, 
J Atmr. Chem. Soc., 1920, 42, 1335), and an experiment was 
arranged to test this possibiUty. If the conditions m the reaction 
are such that lead perOSide and lead iodide are solid phases, and the 
solution is moderately dilute, we should have, in the aqueous layer, 
[Hlj^/Pj] = a constant at a definite temperature. 


Experimental. 

A mixture of a large excess of lead peroxide and 20 c.c, of approxi- 
mately A^hydrochloric acid containing G grams of potassium 10 
was placed in a thermostat at 25”, and well shaken from time to t* 
After definite intervals, a known volume of okar hqu ^ 
withdrawn, diluted, and rapidly titrated with A/10-thi p 
and then with /10-sodium hydroxide. 
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Time. 

C.c. of Njia. 
thiosulphate (n). 

C.c. of xV/10- 
XaOH {b). 

‘2a -h b. 

30 mina. 

8‘1 

30 

19-2 

60 „ 

9-4 

0-4 

19-2 

180 „ 

0-6 

nil 

19'2 

24 hours 

9G 

nil 

19'2 


The results show that the reaction is not reversible to any appreciable 
extent, since all the hydrogen ions (as nearly as could be volu- 
metrically determined) had been used up. 

The uncertain results obtained in the Topt-Diehl method can be 
attributed only to the action of iodine on acetetes and the formation 
of iodate (Chwala and Colle, he. cii.). Both these sources of error 
would be eliminated by the use of hydrochloric acid instead of acetic 
acid, provided a means could be found of keeping the lead iodide in 
solution. The hydrogen-ion concentration would then be so great 
as to force the equilibrium in the iodate-iodidc-iodine reaction 
well over to the free iodine side ; for example, iodate may be estimated 
by adding acidified potassium iodide solution, and’ titrating the 
iodine quantitatively liberated. A further advantage in using 
hydrochloric acid would be the more rapid solution of the sample 
under analysis. 

Solution of the Lead Iodide. 

Sutton (“ Volumetric Analysis,” 10th ed., p. 138) and Schimpf 
(“Manual of Volumetric Analysis,” .Mh ed., p. 222) describe a 
method for estimating lead pero.xide by digestion with hydrochloric 
acid and potassium iodide in a tightly stoppered bottle placed iu a 
boiling- water bath. By this method the lead iodide is kept in 
solution during the course of the reaction (due to the elevated 
temperature), hut the sparingly soluble salt separates out on cooling 
previous to titration. Milhauer and Pivnicka (too. cii.) showed that 
a large excess of potassium iodide (40 grams for 0-2 gram of lead 
peroxide) kept the lead iodide in .solution; this method is much too 
expensive. 

The well-known solubility of load haloids in solutions of alkali 
haloids led to the trial of sodium chloride; it was found that the 
presence of the latter salt greatly increased the solubility of load 
iodide. Even in the presence of fairly concentrated hydrochloric 
acid, when the amount of sodium chloride in solution was greatly 
reduced, the solubility of the lead iodide was still considerable. 


Concentration of the Acid. 

The proposed method of estimation was to digest a weighed 
amount of lead peroxide (or red lead) with hydrochloric acid at 
room temperature in the presence of potassium iodide and a large 
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excess of sodium chloride. The effect of variation in the acij 
concentration on (a) the amount of iodine liberated, and (h) th,, 
rate of solution of the lead oxide and iodide, due to the correspondin 
alteration in the solubility of the sodium chloride, had to be deta 
mined, A series of experiments was arranged in which a definite 
weight of lead peroxide (0-2 gram) was added to 100 c.c. of hydro 
chloric acid varying in concentration from A/2 to 5A, coutainim, 
1 gram of potassium iodide and excess (about 30 grams) of sodium 
chloride. The time for complete solution of the peroxide was 
roughly noted in each case and the iodine titrated against thiosu!- 
phate solution. The titrations were identical in each case, but whfii 
the hydrochloric acid was about 2A', the rate of solution appeared 
to be greatest. This concentration, although not e.ssential, was 
finally adopted for subset|iient work. 'I’he amount of potassium 
iodide used in this prooes.s was always somewhat greater than that 
required by theory, owing to the .sparing solubility of iodine in 
water. Tlie iodide used must, of course, be fi'ce from iodate. 

The effect of time on the amount of titratable iodine was alsn 
investigated; after three hours the titration was the same as that 
ill a .similar experiment in which the iodine had been litratrd 
immediately. 

In order to promote dissolution of tlie lead oxide, which in any 
case was far more rapid than in the Topf-Diehl method, the oxide 
was very finely ground, and the reaction carried out in a stoppered 
bottle which could be vigorously shaken. Under tliese conditions, 
no difficulty was ever experienced in getting specimens into sciliitioii, 

These experiments showed that the direct iodometilc estimation 
of lead peroxide could be put on a much better foundation than that 
of the Topf-Diehl methoel. The following procedure was tln-n 
adopted for quantitatively estimating lead peroxide. 

M(thod of Analysis. 

Lead peroxide (0-2 gram) or red lead (0-5 gram) wa,s weighed cut 
into a bottle containing 20 c.c, of 36 per cent, hydrochloric acid, 
100 c.c. of water, 20 to 25 grams of sodium chloride, and about 1 
gram of potassium iodide. The bottle was stoppered and the 
whole well shaken for one or two minutes to ensure complete 
solution of the lead oxide. The liberated iodine was titrated with 
A/20- thiosulphate solution, starch being added towards the end of 
the reaction. Very satisfactory dupUoate results were obtained in 
this way. Owing to the uncertain results obtained by other methods 
of estimating lead peroxide (for a summary of these, see Chwala 
and CoUe, loc,. cit.), this method was checked by the estimation o 
lead in a pure lead salt (see below). 
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Small amounts of nitrate (a possible impurity in lead peroxide 
and in red lead) had no effect ou the amount of iodine liberated. 

The method descrihed was also applied to the general estimation 
of lead, use being made of the oxidation of lead in boiling alkaline 
solution to lead peroxide by means of bromine water. A definite 
quantity of the lead salt was dissolved in water or in 5 per cent, 
sodium hydroxide solution; in either case alkali was added until 
the lead hydroxide had completely dissolved. Excess of bromine 
water was then added, and the mixture kept at or near the boiling 
point for .some time (one to two hours) completely to convert the 
lead sesquioxide first formed into the peroxide, otherwise low results 
were obtained. The peroxide was then filtered oft while hot and 
washed with boiling water (cold water gives colloidal filtrates) until 
free from bromine or hypobromite (test with acidilied potassium 
iodide and starch). To ensure complete oxidation to jiero.xiile, the 
precipitate may be dige.sted with hot dilute acetic acid, and thc‘ 
filtrate made alkaline and again treated with bromine water. The 
filter-paper and contents were then placed in a bottle containing 
suitable quantities of hydrochloric acid, sexiium chloride, and 
potassium iodide, for example, those recorded above. The bottle 
was well shaken to disintegrate the filter-paiier, the contents were 
diluted with water and titrated with thiosulphate of suitable con- 
centration. In this way re-sults in agreement with the gravimetric 
estimation of lead as sulphate were obtained. This method is 
particularly useful in the case of very dilute .solutions of lead salts 
where the gravimetric method is inapplicable ; for example, 10 e.c. 
of a .solution containing less than 0 004 gram of lead wa.s easily 
analysed by this volumetric method. 

University op London, 

KingIs C'oli.kgk. ' October 12th, 


CCXXXI. — The. Conditions Underlying the Formation 
of Unsaturated and Cyclic Comjxmnds from Halo- 
genated Open-chain Derivatives. Part HI. Products 
Derived from Halogenate.d Glulaconic Acids. 

By Ernest Harold Ear.mer and CnKisTorHER Kelk Inuold. 

It has been stated (this vol., p. 9.51) that the principal points in 
which Baeyer’s Spannungstheoric is at variance with the known 
facts of organic chemistry fall into two classes, the first consisting 
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of those which relate to the effect on ring formation of the nutaher 
of carbon atoms composing the ring, and the second those relating 
to the influence of substituent groups. 

In the previous papers on this subject (this vol., pp, 305, 951) j 
series of definitely comparative experiments has been described 
by means of which, it is hoped, the precise extent of discrepancies 
of both types can be gauged with some degree of certainty. Such a 
series of experiments, if sufficiently extended, must in the end 
yield the information required for a restatement in more exact 
form of the fundamental conditions which underlie the formation 
and fission of carbon rings, and lead to a clearer comprehension of 
the reason for the fact that the tendencies to ring-formation and to 
fission are not strictly reciprocal properties ; already, however, it 
has been noticed that many of the more obvious defects of the 
“ Spannungstheorie,” defects emerging, not only from ad foe 
experiments, but also from a general survey of the literature of 
synthetic and naturally occurring carbocyebo compounds, dis. 
appear if the modif 3 dng hypothesis be made that groups attached 
to a carbon atom wiU, when not involved in ring formation, assume 
positions determined by their respective volumes relative to one 
another and to the available space. 

The method employed in the experiments referred to, namely, 
measuring the extent to which ring formation occurs in competition 
with a uniform side reaction under standard experimental conditions, 
has been previously described (loc. cil.) in some detail, and, in view 
of the fact that the underlying hypothesis is capable of being 
expressed to a first approximation in a quantitative form, even- 
effort lias been and is being made to obtain all the accuracy oi wliicli 
the method is capable. In this way (compare Parts I and II) the 
formation of cyetopropanc derivatives from n, -propane compounds 
and of analogous eyefobutane derivatives from )i-butane compounds 
has already been studied, and at the present time the investigation 
is being extended both to other types of ring and to rmgs containing 
substituents varying in number, po.sition, and in kind. In the 
meantime, however, it .seemed desirable to bring within the ambit 
of the investigation the study of a third influence regarding wliicIi 
very little precise info-mation is at present available, namely, the 
influence of unsaturation on the formation of cyclic compounds. 

At the outset difficulty was experienced in selecting for investiga- 
tion a suitable unsaturated acid capable of being treated according 
to the method used in the preceding parts of the research and at the 
same time having some claim to be regarded as a typical substance; 
for an examination of such information as exists indicated tlia 
totaUy different effects would be observed when dealing with 
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unsaturated compounds having differently situated double bonds. 
Since, however, in Parts I and II (loc. cit.) the open-chain sub- 
stances employed wore glutaric and adipic acids (I and II), it was 
ultimately decided to examine in a similar manner and under 
comparable conditions the corresponding unsatiirated derivatives, 
namely, glutaconic and miiconie acids (HI and IV), although there 
can be no question but that neither of these acids can be regarded 
as a normal unsatiirated substance. 

C0.,II-CH2-CH2-CH2'C02H CO.,H-CH,-CH2-CHyCHyCO,H 
(I-) (11.) 

C0,H-CH2-CH:CH-C0„H COjH-CHICH-CIIICH-COjH 

(III.) (IV.) 

C02H-CH-CH2-CH-C02H 

(V.) 

It is unnecessary to refer, except in the briefest manner, to the 
extended researches of 3'horpe and his collaborators into the 
chemistry of the glutaconic acids. The clear outcome of this 
investigation has been that glutaconic acid is no ordinary unsaturated 
acid, and that, whilst it still possesses, although in greatly diminished 
degree, the characteristics of an unsaturatcd compound of the 
formula III, it has, in addition, another scrie.s, of properties which 
this formula does not express and which suggest both symmetry of 
constitution and a condition of 1 : 3-nnsaturation. The explanation 
offered is that the stable form of glutaconic acid has the “ semi- 
aromatic ” formula (V) (the “ free ” 1 : 3-valencies being associated 
sufficiently to limit to some extent the tendency towards 1 : 3- 
addition), but that in most experiments with the acid the unsaturated 
form (III) is present in small amount in a condition of tautomeric 
equilibrium. Many facts support this hypothesis. Nevertheless, 
it cannot be denied that in adopting such a formula for glutaconic 
acid one tacitly accepts the view that the chemistry of this substance 
consists largely of phenomena to which the ordinary three-dimen- 
sional formulm-models can give no clue, and from this point of view 
the behaviour of glutaconic acid and its derivatives in relation to 
the requirements of the “ Spannungstheorie ” (which depends 
essentially on the tetrahedral carbon model) appears to possess 
more than ordinary interest. 

Comparing, for instance, the formation of oycfopropane-l ; 2- 
dicarboxylio acid (VII) from a-bromoglutaric acid (VI) with the for- 
mation of A®-ct/ctopropene-] : 2-dicarboxylic acid (IX) from ot-bromo- 
glutaconic acid (VIII) by the elimination of hydrogen bromide in 
each case, one observes that the unsaturated cyclic acid should be 
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„„ ^CHBr-COjH 
(VI.) 


CH<' 


CHBr-CO^H 

CH-CO-^H 

(VIII.) 


-CH-CO,H 


(VII.) 


CH< 


CH-COjH 

C'COjH 


(IX.) 


considerably the more difficult to produce, the formation numbcis 
(loc. cU.) in these instances being 0-345 and 0-385 respectirely. 
Another factor, however, must be taken into account ; for in ai| 
exireriments of this kind it is essential to have some guarantee that 
the effects attributed to differing tendencies towards ring closure 
are not being masked by the differing reactivities of the halogeit 
compounds employed. Indeed this consideration constitutes the 
main reason for employing the standard side-reaction method, 
since by this moans any serious difference in the reactivities of (hf 
lialogen compounds is immediately detected, and, in fact, is largely 
(although, in all probability, not exactly) compensated. The casr 
with which we are here dealing furnishes the first instance so far 
met with in ttie course of these investigations of a halogen compound 
differing in reactivity from the analogues previously employed, 
The point of importance, however, is that the difference in this case 
i.s in the sense which again indicates that greater difficulty will 
attend the formation of the unsaturated ring acid (IX) than of the 
saturated acid (VII). 

On two counts, therefore, the cycfopropenedicarboxylic acid 
should be less easily produced, but it will be a matter for surprise 
to no one prepared to regard or-bromoglutaconic acid as a " semi, 
aromatic ” substance (X) having 1 : 3- valencies in an equilibriiiiB 


002H-CBi-CH,/1II-C0,H 

(X.) 

state of limited mutual association that, as a matter of fact, the 
cycfopropenedicarboxylic acid is produced considerably mare 
smoothly than its saturated analogue under experimental con- 
ditions involving minimal complications in each case. 

It is necessary at this stage, in order to render intelligible the 
significance of some of the factors which complicated the series ol 
reactions from the products of which the q/dopropenedicarboxylic 
acid was isolated, to indicate the method by which the bromo-acid 
(X) or rather one of its esters, was obtained for the investigation. 
As kist has shown [Bcr., 1011, 44, 135), ethyl glutaconate readily 
absorbs two atoms of bromine and yields a dibromo-estcr (. 
This sub, stance, when treated with diethylaniline under the con- 
ditions de.scribed in the experimental part of this paper, yields e )’ 
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bromoglutaconate (XII), in which the position of the bromine atom 
is clearly proved by the nature of the products formed on complete 
hydrolysis. The free dibrorao-acid (XIII) was prepared by 
COaEt-CHa-CHBr-CHBr-CO^Et COjEt-CBr-CH^-CH-COjEt 
(XL) ' ■ (XIL) ■ 


CO..H-CH,-CH Brt’H Br-CO,H 
" (XIII.) 

Verkade and Coups (Sec. trav. chim., 1920, 39, 586) by the action 
(if bromine vapour on glutaconie acid in the absence of a solvent, 
hut on attempting to prepare a-broinnghitaconic acid from this 
.substance by elimination of hydrogen bromide, unexpected difficulties 
were experienced. Many experiments were made with a view to 
discover the correct conditions, but although indications were 
obtained that the monobromo-acid (X) was actually produced in 
considerable amount, it always appealed to be accompanied either 
liy unchanged dibromide or by products of further decomposition, 
which, owing to the labile character of the bromine in the. mono- 
hromo-acid, rendered purillcation exceedingly dilticult. tSince, 
therefore, after repeated attempt.s a .satisfactory specimen was not 
obtained, the complete hydrolysis by alkalis of the dibronio-acid 
(XIII) was investigated under the usual two sets of standard 
experimental conditions in the hope that the character of the 
jiroduets would indicate the intermediate formation of the bromo- 
acicl which it had not been possible to purify, 'i'his assumption 
lirovcd in the main to be correct. 

Xeveitheless, when the dibromide was hydrolysed, certain 
reactions were observed which were not met with when the mono- 
bromo-e.ster was employed. Probably the most remarkable of 
these was that by which, under the influence either of concentrated 
or of dilute aliiali, glutaconie acid (V) was produced with the elimin- 
ation, not of hydrogen bromide, but of bromine, a type of reaction 
to which comparatively few parallels are known. However, those 
instances which have been recorded of the elimination of a halogen 
as such, either spontaneously or by some reagent (other than a 
reducing agent), are certainly to be regarded as indic^iting an ex- 
ceedingly strong tendency toivards formation of the product obtained. 
Thioindigotin, for example, is produced by merely heating 1:1- 
dibromo-2-ketodihydrothionaphthen (Bezdzik, Friedliinder, and 
Koeniger, Ber., 1908, 41, 234), w-hilst several cases of the passage 


CO 

/\/\ 


CO CO 

. /\/\ 

>CBr, ^ I I )0:C< I 1 I 2Br, 

\/\/ \/\/ 

s s 
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of the dibromo-derivative of a dihydroresorcinol into the corre- 
aponding monobromo-compound by the action of aqueous alkalh 
alone have quite recently been investigated (Norris and Thorp? 
this vol., p. 1209-1210) : 








CH,-CO' 


■ClIBr 


— > 
< — 




In the latter case, the great ease of formation of the product is 
almost certainly to lie connected with the well-known tcndeucv 
to acquire the mobile hydrogen atom (marked *) possessed by a 
potentially tautomeric system, a tendency well illustrated by tk 
remarkable facility with which a carbethoxyl group is eliminated 
as ethyl carbonate from substituted glutaconio esters of the type 
(C 0 .,Et) 2 CR‘CH'.CR'-CO 2 Et by the action of cold sodium cthoxide; 


(COsEt),CR-CH:CR'-CO,Efc — — COjEfCHR'CHlCR'-COjEt -1- (Et0),:o 

COjEfCR-CHpCR'-COjEt'^'^ 

(“normal" lonn) 

COjEfCRlCH-CHR'-COjEt. 


Once the mobile hydrogen atom (marked *) is obtained, the system 
becomes tautomeric and shows no further tendency to break down 
until interchange with the normal ” (semi-aromatic) fonii is again 
suppressed by replacing the hydrogen atom by an alkyl group 
(Thole and Thorpe, T., 1911, 99, 2187). The formal similarity ivith 
the hydrolytic reaction mentioned above is obvious ; 

COjH-CHi-CHUr-CHBr-CO.H— ^^^COjH-CUs'CHtCH'COiH-l-XaBr-bXaOBi 

(“normal” form) COiH-CHXH-CH.-COjH. 


Now the whole difference between the stabihty of three-carimn 
systems and that of tautomeric systems of other types is one of 
symmetry (Ingold and Thorpe, this vol., p. 492), the permanence 
of the “ normal ” for'-is being dependent on this more than on an; 
other separate factor. The normal form of glutaconic acid itsel , 
therefore, is at once the most mobile in its dynamic and the 
stable in its equilibrium relations with its unsaturated i.someride, 
of any normal acid of the series ; hence it seems plain that t c e * 
of molecular symmetry on three-carbon tautomerism is the ul imat 
cause to which the remarkable tendency towards the produc i 
glutaconic acid, even by abnormal reactions such as the 
of bromine from ap-dibromoglutario acid and of nitrogen from 
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of pyrazole-3 ; 5-dioarboxylie acid (compare p. 2009), is to be 
attributed. 

The glutacouic acid obtained in these experiments was invariably 
accompanied by |3-hydroxyglutaric acid (XIV), which was evidently 
a .secondary product formed by the addition of the elements of 
water to the unsaturated form of glutacouic acid (111) during the 
process of isolation. Verkade has shown {K. Alcad. Wetense,h. 
Amsterdam, 191.7, 18, 981) that glutaconic acid unites with water 
in this manner when an acid solution is evaporated, whilst Fichter 
and Dreyfus {Ber., 1900, 33, 1452) proved that the reverse reaction 
proceeds in the presence of alkalis ; hence the change is probably 

COjH-CHj-CHlCH-GO^H + H^O — 

CO2H-CH2-CH(OH)-CH.yC02H (XIV.) 
to be regarded as reversible, the equilibrium depending on the 
extent to which the end-products undergo further change under the 
conditions employed. Our observations on the matter appear to 
indicate that the principal circumstance affecting the equilibrium 
is tlie conversion in acid solution of the liydroxy-acid into a |3-lactone 
or a lactide, which, however, is unstable and diif.cult to isolate. 

Another acid the formation of which was observed in experiments 
on the action of alkalis on ap-dibromoglutaric acid was ap-diliydroxy- 
glutario acid, the product of complete hydroxylation * (XV). As 
«ith most hydroxylation products formed by similar methods, the 
quantity obtained {oide Tables I and II, p. 2011) was particularly 
large when dilute alkalis were employed for tlic hydrolysis. 

COjH-CH(OH)-CH(OH)-01l2-COJI (XV.) 

Regarding the substances obtained from ethyl monobromo- 
glutaoonate or from the monobromo-acid formed intermediately 
in the hydrolysis of ap-dibromoglutaric acid, it will immediately be 
obvious that the final hydroxylation product to be expected is 
»-ketoglutaric acid (XVIII), into which a-hydroxyglutaconic acid 
(XVI) must be converted {via its unsaturated modification, XVII) 
almost at the moment of its formation : 

C02H-C(OH)-CH2'CH-C02H C02H-C(OH):CII'CII.2-C02H 

(XVI.) (XVII.) 

CO^H-CO-CHj-CHs'COjH 

(XVIII.) 

* Kiliani and Loeffler (/tr,-., 1905, 38, 3G2I) obtained this substance in 
small yield both by the action of permanganate on glutaconic acid and by 
boiling the acid in an aqueous solution to which the theoretical amount of 
broniiuo (two atoms) had been added. The latter observation is of interest, 
because ad-dibromoglutaric acid has never been obtained from the product 
fonned by the action of bromine on glutaconic acid in the presence of water, 
or, indeed, of any other solvent (Tnorpe, T.. 1919, 113, 079). 
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Actually, this keto-acid invariably constituted a conside li 
proportion of the product obtained whether concentrated or diim' 
alkalis were employed in the hydrolysis, This relatively sli J 
difference, well illustrated by the figures recorded in Tables I 
III (pp. 2011, 2012), between the quantities produced under the two 
sets of standard experimental conditions (one involving the use of 
2A^-aqueous sodium carbonate, the other of OA-methjd alcoholic 
potassium hydroxide) which have been employed throughout this 
as well as in the preceding parts of the investigation, appeared the 
more unaccountable when considered in relation to the lar^jc 
differences obtained in other cases (loc. cit.), until it was su.specte(i 
that a-ketoglutaric acid was the ultimate product of two distinct 
series of reactions. That this was really the case was satisfactorilv 
proved by direct experiment; for it was found that the ci/rk'. 
proponedicarboxylio acid (IX), although quite stable to dilate 
aqueous sodium carbonate, was decomposed somewhat readilv bv 
concentrated methyl-alcoholic potajisium hydroxide forming amongst 
other products a considerable proportion of a-ketoglutaric acid 
The reaction probably involves the tran-spositlon of the cyclic double 
bond followed by rhig fission, and may be formulated as follows : 


^cC-COjH 


(IX,) 


' C-CO,H 

(XLX.)‘ 


^ CHj’COjH 
(XVIII,) 


Plainly, therefore, whilst the whole quantity of the kcto-acid 
obtained from the products of the hydrolyses by sodium carbonate 
is to be regarded as rcprc.senting the extent to which hydro.vyiation 
occurred in these instances, the same inference cannot bo drawn in 
connexion with the experiments in which methyl-alcoholic potassium 
hydroxide was employed, .since a considerable proportion of the 
ketoglutario acid produced in these cases must have been formed by 
the fis.sion of tlic ryrfopropcnc derivative (XIX). 

second substance formed by the hydrolytic decompositioji if 
the cydopropencdicarboxylic acid (IX) was succinic acid (XXI 1, 
which was always present in small amount in the products obtained 
when methyl-alcoholic potassium hydroxide was used. Obviously 
this acid must be forru d by the fission of the cyclopropciiedicarb- 
oxylic acid U'ifJiout previous migration of the double bond, aciuiii; 
acid (XX) being interraediatedy produced : 


CH< 


C-COjH 

CH-COjK 


(IX.) 


CH,-CO,H 


(XX.) 




CHj-COjH 
+ CHj-CO^H 
(XXI.) 


It is necessary now to refer to a reaction 
type, a reaction, moreover, which appears to 


of a totally distii''=‘ 
constitute a notable 
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addition to the evidence already adduced that the abnormalities 
which characterise the transformations described in this paper are 
to be traced to the “ semi-aromatic ” character of the glutaconic 
acid derivatives employed. The final product of the change referred 
to is pyromcliitio acid (XXIV), which has previously been obtained 
by Feist 1911, 44, 135) from ethyl np-dibromoglutarate, and 
in our experiments sometimes formed as much as 30 per cent, of the 
identified material (Tables I and III, pp. 2011, 2012). Now there 
is, of course, no difficulty in formulating the production of the 
dihydro-derivative (XXII) of pyromellitic acid (which obviously 
must be regarded as the primary product) from two molecules of 
the unsaturated modification of a-bromoglutaconic acid : 

COaH-CHBr-CHiCH-COjH CO^H-C ^ 

COjH-CHlCH-CHBrCOjH (:0.,II-( 

(VIII.) ■ (.'ixii.) 

COjH/NcOjH 
COjH!^ jeOjH 

(-KXIV.) 

There are, however, many difficulties attending this interpretation. 
It is not clear, for instance, why not even a trace of pyromellitic 
acid is formed when ay-dibromoglutario acid is treated with alkalis 
under similar experimental conditions. If, however, the conception 
of limited 1 : 3-unsaturation, well grounded, as we believe, in the 
cases of glutaconic and p-methylglutaconic acids (Ingold and Thorpe, 
loc. cit . ; Thorpe, loc, cit.), be extended to the et-bromo-derivative, 
then the formation of the aromatic acid appears to follow as an 
almost necessary corollary : 

/CH,^ 

COjH-CBr CH-C'OsH 

COjH'CH CBr-COjIl 

^ch/ 

(X.) (.\XUI.) 

C()„h/NcO.,H 

CO'llt^^COjH 

(XXIV.) 

It may be remarked that this instance of the entrance of a “ semi- 
aromatic ” glutaconic acid derivative into the production of a larger 
ring is in some respecta the counterpart of the formation of glutaconic 
ester (along with cyclopropane derivatives) by the elimination of 
nitrogen from ethyl pyrazole-3 : 5-dicarboxylate (Buchner, Bcr., 
1890, 23, 703; Atimlen, 1S93, 273, 238) : 


CH, 

COjK-C^/C-COsiH 

CH, 
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CO,Et-CH CH-( 

E=3' 


/CH,^ 


CH.CO,Et + v 
/ ‘ 


and that together these reactions indicate the degree of stability of 
the condition of partial association in which the “ free ” valencies 
of glutaconio acid are involved. 

Finally, it is necessary to trace the history of the two atoms of 
hydrogen eliminated from the dihydropyromollitic acid (XXIII)^ 
and a reference to the tables (pp. 2011, 2012) will make it apparent 
that they are accounted for, at any rate largely, by the formation 
of reduction products, namely the cis- and tra«a-form8 of oych- 
propanc-1 : 2-dicarboxylic acid (XXV) and giutaric acid (XXVI), 
One or both modifications of the former, evidently arising by 
reduction of the cyclopropenedicarboxylio acid (IX), were obtained 
from the products of all experiments in which the cydopropene- 
dicarboxyiic acid itself was isolated. Giutaric acid, on the other 
hand, was obtained only in small amount in those experiments 
in which ap-dibromoglutaric acid was employed and in which, 
therefore, glutaconic acid was one of the substances formed. 


CH,<i 


^ ^^CHa-COjH 
(XXVI.) 


"CH-COjH 

(XXV.) 

The relationships between the various substances obtained by 
alkaline hydrolysis of ap-dibromoglutaric acid and a-bromoglutaconio 
acid (or ester) are summarised for convenience in the following 
diagram ; 

CO,H-CBBrcnBrCa,-CO,H 
I (XUL) j 

t i 

CO,H'Cn(OB)’Oa{OH)-OE,-CO,H 1 cOja-6BrCB,-iH-CO,H 
(^v.) I I (X.) , \ 

CO.H-tH-CH,-iH-OO.E I I \ 

y / .c-co,a CE, 

co.H'CH,-ciE<oii)-cir,-oo,H / co.ir-co-cH,-CH,-co,H -e ®\ch.co,h oo,n'C ''^C'C0,E 

(XIY.) / (svni ) ) C0,H-C ^ , C'C0,H 

CE, 
(XXIII.) 


4- 


4 


(xxvr.) 


cn,( ! 

^CK-CX)iH 
{cis and irans) 
(JSiV.) 


ch,-cjo,h; ^co,H 

co|ai^/Co,H 

(Siiv. 


CHO*CH-CO,H 

(X2.) 


CO,H-OE,-CH,’CO,H + H-CO,E 
(XXL) 
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With regard to the quantitative aspect of the investigation, it 
must at once be admitted that owing to difficulties of separation 
scarcely more than 60 per cent, at most of the material employed 
^as accounted for as pure products in any single experiment, and 
that for this reason the numbers obtained cannot be considered as 
numerically accurate expressions of the facts. Regarded broadly, 
however, they certainly do admit of .some important generalisations. 

Ihe quantities of the various products isolated were as follows : — 

Table I. 


aB-Dibromoglutaric Ethyl a-bromogluta- 
acid (XllI). conate (XII). 


aS-Dihydroxyglutario 

acid (XV) 

Glutaconic acid (V) ...... 

fl-Hydroxyglutaric acid 

(xrv).... ; 

Gliitario acid (XXVI) ... 
a.Ketoglutaric acid 

Dilute alk. 
(2.^’-aq. 
NajCOj). 

26 

• 2 

4 

trace ( ?) 

Cone. alk. 
{6iV.KOH 
in MeOH). 

4 

5 

7 

2 

Dilute alk. 
{2iV-aq. 

NajCOj). 

Cone. alk. 
(OA^-KOH 
in MeOH). 

(XVfll) :• 

cvc^cPropenedicarboxylio 

20 

14 

30 

20 

'A 

acid (IX) 

ira»M-cvc^oPropanedicarb- 

4 

• 

6 

3 

oxylifl acid (XAV) ... 
cw-cf/cifiPropanedicarb* 

2 


5 

9 

oxylio acid (AAV) ... 

0 


0 

4 

Succinic acid (AXl) ... 

0 

2 

0 

5 

Pyromellitic acid (XXIV) 

.3 

10 

7 

17 

Total isolated and 

identified 

61 

53 

54 

68% 


From these figures it will be seen that, so far as can be judged 
from the amounts of identified material, the three simultaneous 
modes of decomposition of afi-dibromoglutaric acid occur, under the 
Iffo standard sets of experimenial conditions, to the extents in- 
dicated in Table II, from which it is apparent that the formation of 
“lutaconic acid is favoured by the use of concentrated alkalis, whilst 
the production of the hydroxy -acid takes place, as is usual, most 
smoothly under condition.? of considerable dilution. 

Table II. 

oS-Dibroraoglutaric acid (XIII). 

Dilute alk. Cone. alk. 

rS-Dihydroxyglutaric acid 43 9 

Glutaconic acid and substances derived 

from it 10 2.5 

Substances derived from a-broinogluta- 
conicacid 57 fifi 

per cent, of identified juaterial. 
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Finally, we may group the substances derived from a-bromo 
glutaconio acid or its ester into three heads according to the primal 
decompositions, hydroxylation, cydopropene-ring-formation, cydo 
hexadiene-ring-formation, from which they are derived, obtainin 
in this way Table III ; in reading which it must be remembered that 
for reasons explained on p. 2008 an unknown fraction of the whole 
quantity of a-ketoglutaric acid obtained from experiments in whidi 
concentrated alkali was used is to be attributed to the decompositioa 
of the cydopropenedicarboxylic acid (IX), and that, since a-heto 
glutaric acid is also the hydroxylation product of m-bromoglntaconit 
acid, the figures entered represent only an upper limit to the degree 
in which this type of decomposition occurs, whilst, similarly, th[ 
figures given for cyclopropene ring-formation denote merely a loww 
limit to the extent of its actual occurrence. 

Table III. 

a-Bromoglutaconio a-Bromoglutacoaic 

acid. eater. 



Dilute alk. 

Cone. alk. 

Dilute alk. Cone, alk 

o*Ketoglutario acid 

69 

40 

67 34 

cycZoPropenedicarbojcylic 
acid and products (other 
than, a-ketoglutaric acid) 
derived from it 

21 

32 

20 37 

Pyromellitic acid 

10 

28 

13 29 


per cent, of identitied material. 


The similarity between the figures referring to a-bromoglutacoiiit 
acid and its ester is rendered very obvious in Table TII, and furnisliK 
both a justification of the method adopted in studying the reactiois 
of the bromo-acid, and a basis for the conclusion that the carbosvl 
groups probably play no very essential part in the series of changes 
observed. The figures which are not subject to the correctiois 
mentioned in the preceding paragraph (that is, those in the first 
and third columns) are in particularly close agreement and by 
contrast with the results obtained in Part I {he. cit.] constitute the 
grounds for the suggestion made on pp. 2003 and 2009 that the 
formation both of the three-carbon and six-carbon rings is in this 
instance to be attributed to a condition of limited 1 : 3-unsaturation 
pre-existing in the open-chain substances employed. 

The investigation of the products derived from muconic acid is 
not yet complete and it is proposed to reserve the description of 
these for a future communication. 
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Experimental. 

(A) Ealogen Derivatives of Glulaamic Acid. 

Jhe up-dibromoglutaric acid required for this investigation was 
prepared from glutaconic acid by Verkade’s bromine-vapour 
method {he. cit.) and was purified by crystallisation from anhydrous 
formic acid. Experiments made with the object of obtaining from 
it i.bromoglutaconic acid by elimination of hydrogen bromide were 
attended ordy with a limited degree of success, and ultimately the 
(libromoglutario acid itself was subjected to complete hydrolysis 
by allialis as described in sections B and C. 

The ethyl ap-dibromoglutarate required for the preparation of 
ethyl »-bromoglutaconate (below) was obtained from ethyl gluta- 
collate as described by Feist {loc. cit.). 


Dthyl a.-Bremiogl'utaconale (XII). 

Slightly more than the theoretical quantity of diethylaniline was 
heated neatly to the boiling point and then quickly mixed with 
ethyl dibromoglutarate. If the materials were quite pure and the 
operation successful, the product waa almost colourless and the 
neutral oil obtained from it by washing with dilute hydrochloric 
acid yielded on distillation almost the theoretical amount of ethyl 
i-bromoglutaconate, a colourless oil, b. p. 140— 143'’/10 mm. 
(Pound ; C = 40‘6 ; H = 4'9 ; Br = 30-0. C 9 Hj 504 Br requires 
C = 40’7 ; H = 4'9 ; Br = 30-2 per cent.). 

The action of dilute and of concentrated alkalis on this substance 
is described in sections D and E. 


(B) Action of Dilute Alkalis on a^-DibromoghtUtric Acid : Formation 
of a^-Dihydroxyglutaric Add, Glutaconic Acid, ^■Htjdroxi/- 
glutark Acid, a-Ketoglularic Acid, A^-cyohPropene-1 : 2-rft- 
curboxylic Acid, trans-cycloPropunr-1 : 2-dicarboxylic Acid, and 
Pyrmnellitic Acid. 


Fifty grams of ii|3-dibromoglufaric acid (section A) were boiled 
uith 500 c.c. of 2A-aqueou3 sodium carbonate for one and a half 
hours. The solution was then acidified by hydrochloric acid, 
craporated to a thin paste, and extracted exhaustively with ether. 
11 hen no more material could be recovered in this way, the pasty 
rftidue was dried and ground under cold acetone until only inorganic 
salts reraained undissolvcd. 



2014 rAHMBE AHD INOOLD : CONDmOHS UNDBELTOTO rORmjjQj 
Pyromdlitic Acid (XXIV). 

The pale straw-coloured syrup obtained from the ether extract 
deposited crystals of pyromellitio acid hydrate on rubbing rvit), 
water. The acid was identified by its melting point (242° for the 
dihydrate, 273° for the anhydrous acid), by analysis (Found 
C = 47-2 ; H = 2-3. Calc., C = 47-2 ; H = 2-3 per cent.), and bv 
the melting points of its methyl and ethyl esters (141° and 53- 
respeetively). Methyl pyromelUtate was also isolated from the 
less volatile fractions of the mixture of esters prepared as described 
on p. 2019. 

x-Ketoglutaric Acid (XVIII). 

This acid may be isolated from the syrupy mixture either as ife 
semioarbazone or phenylhydrazonc, but the latter derivative waj 
found to be more suitable for the purpose. It was obtained in tht 
usual manner by means of phenylhydrazine acetate and hydrolysed 
to a-ketoglutario acid by means of 30 per cent, sulphuric acid. 
The product extracted by ether from the acid solution nicltod at 
110 — 112°, and after crystallising from a mixture of acetone and 
benzene, at 113°. It was identified as a-ketoglutaric acid by 
analysis (Found : C = 41-3; H = 4-1. Calc., C = 41T; H = 4l 
per cent.), by the colour developed with a(iueous.alcoholio ferric 
chloride, and by a mixed-melting-point determination with a genuine 
specimen (this vol., p. 328). 

a^-Dihydroxyglidaric Acid (XV)'. 

The residue which remained when the acetone extract \va.i 
evaporated consisted very largely of izp-dihydroxyglutaric acid, s 
considerable quantity of which crystallised on adding dry etliei 
containing a trace of acetone. The acid melted at 164° and agrpetl 
in its properties clo.sely with the description given by Kiliani and 
Loeffler {loc. cit.). 

The syrupy mixture of acids recovered from the aqueous solution 
from which the phenylhydrazone of a-ketoglutaric acid was preci- 
pitated yielded a furt'-er quantity of ccp-dihydroxyglutario acid 
on mixing with successive quantities of dry ether. It was crystallised 
for analysis from a mixture of methyl acetate and dry ether (Found 
C = 36-7; H = o-l. Calc., C = 36-G; H = 4-9 per cent.). 

^■Uydroxyglutaric Acid (XIV). 

The combined ethereal filtrates from the dihydroxyglutaric acic 
were evaporated, and the residue digested for several hours witl 
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aqueous cupric acetate. The precipitate obtained in this manner 
,vas collected, decomposed by aqueous hydrogen sulphide, and the 
filtrate from the copper sulphide evaporated to dryness. The 
ervslaUine residue was finely powdered, exposed in an evacuated 
desiccator for several days, and then triturated with dry ether, 
vrliich easily dissolved about half of it, leaving an insoluble portion 
consisting of a mixture of otp-dihydrox}fglutaric acid and |3-hydroxy- 
glutario acid. These acids were readily separated by crystallising 
from a mixture of other and methyl acetate, and the p-hydroxy- 
glutaric acid was identified by analysis (Found : C = 40-7 ; H — 5 - 3 . 
Calo., C = 40-6; H = 5-4 per cent.), and by conversion into 
glutaeonic acid by boiling with alkalis. 


A“-cyoloProp«))c-l : “i-dicarboxylic Acid (IX). 

The ethereal washings from the P-hydroxyglutario acid left on 
evaporation a cake of crystals consisting chiefly of two acids, 
A*-ct/ciopropene-l : 2 -dicarboxylic acid and glutaeonic acid, which 
were easily separated by crystallising first from ethyl acetate and 
ultimately from a mixture of acetone and benzene, the cydopropene- 
dicarboxylio acid being the less soluble. When pure, the cyclo- 
propenedioarboxylio acid separated from ethyl acetate in short 
needles, m. p. 184° without decomposition (Found : C — 46 - 8 ; 
H = 3'1 ; M (dibasic) = 128. € 511,04 requires C = 46 - 9 ; H = 3T 
percent-.; M = 128). 

The acid seemed to possess little tendency to pass into an 
anhydride on treatment with acetyl chloride ; however, it instantly 
reduced cold alkaline permanganate and on reduction by hydriodic 
acid and phosphorus yielded trana-cyctopropane-l : 2 -diearboxylio 
acid (below). On boiling with very concentrated mcthyl-alooholic 
potassium hydroxide, it underwent ring-fission, yielding «-keto- 
glutario acid (compare p. 2019). 


Glutaconio Acid (V). 

The more soluble acid accompanying the cycfopropenedicarb- 
ojylic acid proved to be glutaeonic acid, which, after purification, 
had the correct melting point (135 — 136°) and properties. 

In addition there was obtained from the ultimate residues a 
•'.'Tup, which showed no tendency to crystallise and was too small 
ni quantity to be subjected to any kind of systematic separation. 
Qualitative tests, however, indicated that glutaeonic acid was one 
0 the principal constituents, and therefore, in order to obtain an 
as unate of the amount present, the crude syrup was digested with 
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acetyl chloride containing 4 — 5 per cent, of phosphorus trichloride 
The crude glutaconic anhydride obtained in this manner njj 
purified by dissolution in cold dilute sodium hydroxide, pouring the 
solution through a wet filter to remove the suspended oil, and 
regeneration by adding hydrochloric acid, and was finally converted 
into the anilic acid by treatment with aniline. The same anilh 
acid was produced when the crystalline glutaconic acid (above) was 
treated in a similar manner. It melted at 134° and was evidently 
the CM-isomeride (h’ound : C = 6+'4; H = fl-i. Calc,, C = 04.4. 
H — 0-4 per cent.), since on heating it yielded the (rojus-modificatioa 
(m. p. 167°), which was identified by comparison tvith an authentic 
specimen. 


trans-oycloPropa«c-l : 2-dicarboxylk Acid (XXV). 

The aqueous filtrate from the copper salts was worked up for 
acid products in the usual manner, ether being used as solvent. 
The excess of acetic acid (derived from the copper acetate) haring 
been removed in a vacuum over solid potassium hydroxide, the 
syrupy mixture of acids, which had become brown and slightly 
cloudy owing to partial crystallisation, was esterified with methyl 
alcohol (3 parts) and sulphuric acid (2 parts), and the esters preci- 
pitated by adding water were divided into neutral and acidie 
fractions by means of ether and sodium carbonate. The acid esters 
were then re-esterified by the .same method and the neutral esters 
obtained in this way combined with the original neutral product 
and distilled under reduced pressure. The main portion of the 
distillate was obtained as a colourless oil, b. p. 125— 140°/25 mm., 
hut although it was obviously a mixture, the quantity was insufficient 
for separation by fractional distUlation to be possible. Howeyor, 
from the dark coloured residue in the distilling flask, by treatment 
with methyl alcohol in the presence of charcoal was obtained a 
crystalline substance, m. p. 141°, which was identified as methyl 
pyromcllitate by analysis (Found : C = 53-9 ; H = 4-5. Calc., 
C = 54-2; H = 4-5 per cent.), and by hydrolysing it to the free 
acid. 

The more volatile esters, h. p. 123— 140° /25 mm., were completely 
hydrolysed by boiling with concentrated (20 per cent.) hydrochloric 
acid until no more methyl alcohol was liberated. The syrup 
obtained on evaporation showed little tendency to crystallise, but it 
gave a red coloration with ferric chloride and on further examination 
was proved to contain a considerable amount of a-ketoglutaric acid. 
This was, therefore, removed as completely as possible in the form 
of its phenylhydraaone and the remaining acids were recovered in 
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( 1,0 usual manner and freed from adhering acetic acid by evaporation 
over potassium hydroxide. In the course of a few weeks the product 
became largely cr 3 rstalline and was spread on porous plates to drain 
off the remaining syrup, the last traces of which, along with a small 
quantity of a crystalline acid (hclieved to be glutaric acid) were 
I’cmoved by triturating with warm benzene. The examination of 
the crystalline material was attended with some difficulty, but it 
was ultimately shown to consist of a mixture of A^-cyciopropene- 
1 : 2 -dioarboxylic acid and <rojns-cycfopropane-l : 2-dicarboxylic 
acid together with at least one other crystalline acid (possibly 
succinic acid), which could not be definitely identified. All three 
substances melted in the neighbourhood of 180° and possessed 
similar solubilities in the usual solvents, and although in preliminary 
experiments the eyefopropene- and cycfopropane-dicarboxylio acids 
were obtained in the pure condition by fractionally crystallising 
the mixture, it was afterwards found to be a more satisfactory 
method of separation to precipitate the copper salt of the cydo- 
propenedicarboxylic acid in the presence of 5 — 10 per cent, of 
acetone and recover the cyciopropanedicarboxylio acid from the 
filtrate. After purification by crystallising from water, the acid 
melted at 175° and was identified by direct comparison with a known 
specimen as fraus-cyciopropane-l : 2-dicarboxylic acid (Found : 
C — 46'2 ; H — 4*8. Calc., C = 46*1 ; H = 4*6 per cent.). 

The yields of the seven acids obtained in this experiment are 
given in Table I. 

(C) .IftioM oj Concenimted Alkalis on x^-Dibromoglutanc Acid ; 
Formaiion of IHhtjdroxyglularic Acid, Ghtacmic Acid, 
ii-Hydroxygluiaric Acid, Glutaric Acid, a-Keloglularic Acid, 
cydoFropenedicarboxylic Acid, cis- and trans-cycloPropaHc- 
dicarboxylic Acid, Succinic Acid, and PyromdUtic Acid. 

Fifty grams of ccp-dibromoglutaric acid (section A) were added 
as rapidly as possible to 310 c.c. of a boiling OA'-methyl-alcoholic 
sintioii of potassium hydroxide. When the vdolence of the reaction 
bad subsided, the product was heated for thirty minutes, evaporated 
'vitfi water, and then rendered acid by means of concentrated 
bydrochloric acid. The acid producls were extracted by ether and 
acetone as in the preceding experiment, but in this instance almost 
tie whole of the material pas.sed into the ethereal extract, and the 
acetone solution yielded only a very small amount of ap-dihydroxy- 
glutaric acid and .some unidentified gummy material. 

A considerable quantity of pyromellitic acid crystalltsed from the 
ethereal extract on rubbing with a little water, aird from the syrupy 
residue te-ketoglutaric acid, ap-dibycdroxyglutario acid, p-hydroxy- 
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glutaric acid, glutaoonio acid, and cyclopropenedicarboxylic 
were separated by a series of processes closely similar to 
already described up to the stage at which the unresolved rcsitij. 
was esterificd with methyl alcohol. By this means the last tra ' 
of pyromellitie acid was removed in the form of its relatively 
volatile methyl ester and the remaining acids were freed from th 
dark coloured impurities which had been formed in the orioinal 
reaction and had concentrated in the course of the separation "tIie 
colourless syrup obtained on hydrolysing the distilled methyl 
esters by hydrochloric acid was treaW, in the first place, vit], 
phenylbydrazine acetate, whereby a certain quantity of a-hetc 
glutaric acid was precipitated as its phenylliydrazone, and then 
after removing the excess of phenylbydrazine, with cupric acetate 
the solution being concentrated suitably in order to render tie 
precipitation of the copper salt of cyclopropenedioarboxylic acid as 
complete as possible. It was found necessary also to boil the suspej. 
.Sion in order to lessen the co-precipitation of other substances. 
Ultimately, the filtrate was worked up for the acids present, whidi 
were obtained, finally, in a concentrated solution in acetic add 
(derived from the copper and phenjdhyclrazine acetates). This 
solution was boiled for two hours with three times its volume of 
acetyl chloride and the product evaporated in a vacuum over 
potassium hydroxide. The partly crystalline residue was dissolted 
in ether and quickly washed with cold dilute sodium hydrogen 
carbonate solution. The aqueous layer, on acidification, yielded 
lraHS-cyclopropane-1 : 2-dicarboxylic acid, but the ethereal solution, 
on evaporation, left a colourless syrup, which, however, on boiling 
and finally evaporating with water, gave a wholly orystalhne product 
weighing about 1 gram. 


ois-cycloPro/Mtte-I : i-dicarboxylic Acid (XXV). 

The crystalline mixture of acids had no definite melting point and 
was therefore fractionally extracted with dry ether until a sparingly 
soluble residue, m. p. 136 — 138“, was obtained. This was crystallised 
for analysis from a mixture of ethyl acetate and benzene and nas 
identified as cis-cyci ipropane-l : 2-dioarboxylio acid (Found ; 
C = 4o'9 ; ' H = 4-7. Calc., C = 46-1 ; H = 4-6 per cent.) by 
comparison with a known specimen of this substance and by con- 
version into its anhydride (m. p. u9°). 


Succinic Acid (XXI). 

The acids extracted by boiling ether were recovered by evaporation 
of the solvent and extracted by means of hot benzene. The insoluble 



portion melted indefinitely between 165° and ISO", but after one 
ciystallisation from water it melted quite sharply at 184° and was 
identified as succinic acid by comparison with a genuine specimen 
(Found : C = 40-3 ; H = 5-1. Calc., C = 40-7 ; H = 54 per cent.). 


Ghilaric Acid (XXV’I). 

The material extracted by boiling benzene consisted essentially 
of glutario acid. In the crude condition, it melted at 88— 93° but 
after it bad been crystallised several times from benzene the melting 
point rose to 94^95°. Identity was establi.shed by a mixed- 
rarlting- point determination with a genuine specimen of glutaric 
acid, and by analysis (Found : C = 45-1 ; H = C-4. Calc., C ^ 
454.0 ; H = 6-1 per cent.). 

The yields arc indicated in Table I. 

(D) Action of Dilute Alhalu on Elhjl a-Bromoglulaco»ate. : Forma- 
tion of u-Keioghiaric Acid, cyAoProjmicdicarhoxylic Acid 
tmns-c,ychProjxinedicar/)o.ryHc Acid, and Pi/rmHcUitic Acid. 

Twenty-five grams of ethyl «-bromoglutacona(e (section A) were 
boiled for twenty houre with 4-5 equivalents of 2iV.aqueous sodium 
carbonate. The homogeneous solution was 1 hen acidified, saturated 
wilh ammonium sulphate, and extracted repeatedly with ether 
The syrapy product deposited only a small amount of crystalline 
material and was therefore esterified with methyl alcohol as described 
on p. 2010. The major portion of the methyl esters haviim been 
distilled at 120— 140°/31 mm., there remained a crystalline residue 
ivliieh w-as easily purified and identified as methyl pyromcllitate. 
llie distillate, on hydrolysi.s by means of hydroohloric acid, yielded 
a clear, pale yellow syrup, the principal constituent of wliich was 
fciuiid to be a-ketogiutaric acid, which was isolated as msiial as its 
phonylhydrazone. The remaining aeid.s were then treated witli 
(opper acetate in concentrated aqueous solution in order to preci- 
pitate the copper .salt of cyrfo])ropcnedicarho.xylic acid and then 
fttraeted from the filtrate and treated with acetyl chloride as 
‘«nbed on p. 2018, the unchanged acids being sepiaraled from the 
an }dndo.s by shaking for a few moment.s with ice-cold dilute 
SI. lum liydrogen carbonate. Xo pure substance was isolated 
film the anhydrides, but the principal constituent of the unchanged 
acK-s proved to be trarM.cyc/opropaiie-l : 2-dicarbn.xylic acid, which 
ns readily obtained in the crj'stalline condition by saturating a 
onemtrated aqueous solution with gaseous hydrogen chloride 
ibe yields ivere as stated in Table I 
VOL, cxix. 
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(E) Action of Concerdrated AlMis on Ethyl a.-Brcmoglulacoi;a!e : 
Fornwdioii of a.-Ketoglutaric Acid, eycloPropcnedicarloxylif 
Acid, eis- find tvA'ns-cycloPropcincdicctTho.i'ylic Acid, Snccdiic 
Acid, and PyronieUilic Acid. 

Thirty grams of ethyl a-bromoglutaconatc (section A) were 
heated to 100°, and run in a thin stream into 150 c.c. of a boilin;; 
OA^-mcthyl-alcoholic solution of potassium hydroxide. The mixturo 
was boiled for thirty minutes and then evaporated several times with 
water. The residue was acidified with concentrated hydrochloric 
acid and the organic acids were extracted with pure ether. 

The product, after keeping for a few days, deposited a considerable 
quantity of pyromellitic acid, and on adding a small amount of 
water a further quantity separated. Thi.s was collected and the 
residual brown syrup esterified with methyl alcohol, and the esters 
distilled and then rehydroly.sed as in the preceding experiments, 
a-Ketoglutaric acid, cs/dopropencdicarboxylic acid, and Imns-cydo- 
propanedicarboxylic acid were then isolated and obtained in the 
pure condition exactly as described in the last experiment (section D), 
The anhydrides corresponding with those which in that instance 
yielded no recognisable product, in this case gave on rehydration a 
syrupy mixturo of acids, which, in the course of a few months, 
deposited a relatively considerable quantity of crystals. These 
were found to consist of approximately equal quantities of cis- 
a/c/opropane-l ; 2-dicarboxylic acid and succinic acid, which, after 
tile syrup had been removed by draining on porous porcelain and 
washing witli hot benzene, were easily separated by means of dry 
ether as descrilicd on p. 2018. 

The yields of the various acids isolated are given in Table 1, 
column 4. 


{¥) Action of Concerdrated Alkalh on ^UydoPropene-l -.U- 
carboxylic Acid * ; Formation of a-Ketoghdaric Acid. 

The cycfopropencdicarboxylic acid was boiled with (lA-metnil- 
alcoholic potassium hyd -oxide under conditions closely resembling 
those employed in the experiments already described (sections 
and E). The product was worked up for acids in the usual manner 


• Tills experiment might bo regarded as evidence again.st the constitution 
proposed for tliis acid, and it must be eon£c.s3ed that tho position f 
double bond has not yet been satisfactorily established, hrom p 
view ot the present investigation, hmvovc-r, it matters nothin 
double bond has or has not passed to tho apposition, and the q 
therefore been left over tor future examination. 
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the a-ketoglutaric acid separated in the form of its phenyl- 
Ijj-di'azone. 

Wo arc mucli indebted to Prof. J. F. Thorpe for In.s interest in 
this investigation and to the Chemical Society for a grant which has 
greatly facilitated it. 

iMpitRiAL College of Sciknoe and Technology, 

South Kensington, S.W.7. IRf^iced,' Seplaubn Olh , 1921 ,] 


CCXXXII.— iS'ftdtcs in (he Dihydronaphihakne. Series, 
Pari II. The nv-Dihydro-a-naphthols and their 
Derivatives. 

By hEEDEEicK Maueioe Kowe and Esthep. TjEvik'. 

Our investigations of the hydrogenation of m-naphthylamine (T. 
1918, 113, 955; J. Soc. Dyers and Col, 1919, 35, 128- J Sac 
Chm. Ind., 1920, 39, 241t; T., 1920, 117, 1574) have shown 
that the base is converted into ar-totrahydro-^cnaplithylaniine by 
the action of sodium and amyl alcohol, but (hat when the reduc- 
tion is effected under suitable conditions with sodium and ethyl 
alcohol in the presence of an inert solvent of liigli boiling point, 
such as solvent naphtha or toluene, the intermediate 5 : S-dihydro’ 
i-iiaphthylamine only is obtained. The latter is isomerised by 
the action of sodium ethoxidc at a suitable temperature and coii- 
wiitration to 5 : 6(or 7 ; 8)-dihydro-c<-naphfhylaminc, a compound 
iv.iich differs from its isomeride in that it may be converted into 
the tetrahydro-derivative by the action of 'sodium and ethyl 
alcohol. •' 

In the case of cc-naphthol also the action of sodium and amyl 
alcohol leads to the formation of the «r-tetrahydro-derivative 
IBambergcraiid Bordt, Ber., 1890, 23, 215; Jacobson and Turnbull 

I I'h, 1898, 31, 897). The «r-dihytlro-«-naphthoLs corresponding 
'ti h the two ar-dihydro-a-naphthylamiiies have not been described 

II lerto, and it appeared of interest, therefore, to prepare and 
csaiiniie these compounds. 

Ill the first place, attempts were made to prepare these compounds 
. ^ le direct hydrogenation of a-naphthol in a similar manner to 
^1 used for the preparation of the dihydro-x-miphthylamincs 
‘ ■}> With the exception that an increased quantity of sodium 

3z2 
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was employed on account of the acidic nature of the product. 
The reduction mixture was diluted and distilled in a current ot 
steam to remove the volatile solvent. The residue was then acidi. 
fied, distilled in a current of steam, and the distillate examined. 

(o) When a-naphtliol, ethyl alcohol, toluene or solvent naphtha, 
and sodium were employed, the distillate contained a product, 
melting at 56°, which proved to he a mixture of 6 : 8-dihydro.,, 
naphthol and 5 : 6(or 7 : 8)-dihydro-cc-naphthol, together with a 
small quantity of unreduced a-naphthol. 

(6) When a-naphthol, ethyl alcohol, solvent naphtha or toluene, 
and sodium were employed, and the mixture, after all the sodium 
had disappeared, was distilled slowly to remove the volatile solvent, 
and then heated for one hour at 125°, the product proved to be a 
mixture of 5 ; 6(or 7 : 8)-dihydro-a-naphthol with some unreduced 
a-naphthol. Separation of this mixture was at first effected hy 
means of fractional distillation in a current of steam, as the hydro- 
genated naphthol is more volatile than a-naphthol, but later, when 
it was found that the hydrogenated naphthol did not form a picrate, 
it proved more satisfactory to remove the a-naphthol from the 
mixture by conversion into the picrate, 5 : 6(or 7 : 8)-Biliydrn- 
a-naphthol forma colourless plates or needles, melting at 71“, 

As a result of these experiments it appears that, in the case of 
a-naphthol, it is more difficult to determine conditions suilahic foi 
the preparation of the 5 ; 8-dihydro-derivative than is the case 
with a-naphthylamine, for, although the conditions were varied, 
in all cases where hj'drogenation occurred, the product was a 
mixture of the two dihydro-a-naphthols, owing to the fact that some 
of the 5 ; 8-dihydro-derivativc was isomerised during the reaction. 
This is, however, not surprising, for in view of the increased con- 
centration of alkali used in these experiments, it is probable tint 
conditions which are favourable for the hydi-ogenation of a-naphllicl 
to its 5 ; H-dihydro-dcrivativc arc equally favourable for the isomeri- 
sation of this compound to the 5 : 6(or 7 : 8)-dihydro-a-naphtlioL 

Therefore, whilst the method (5) outlined above was suitable fa 
the preparation of 6 : C(or 7 ; 8)-dihydro-a-naphthol, the mctlind 
(a) was unsuitable fc" the preparation of the 5 : 8-de^i^ ative, oe 
we were unable to separate the mixture of the two dibydro-cotn- 
pounds formed. 

Attention was next directed to the preparation of the clihyilro^ 
a-naphthols from the corresponding amines by diazotisation an 
boiling the diazonium compound. 

It is noteworthy that whilst this method gives good results in 
the case ot the preparation of ar-tetrahydro-a-naphthol froin w- 
tetrahydro-a-naphthylamine (Bamberger and Althausse, Ber., ki > 
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21, 1 S92), the yields of the dihydro-a-naphthols from the correspond- 
in'' (lihydro-amines are low, and these compounds are always formed 
toi'ctlicr with a considerable proportion of naphthalene. 

5 : 8-Dihydro-o!-naphthol forms colourless plates or needles, 
melting at 75°, with a pronounced phenolic odour, whilst 5 : 6- 
01 7 : 8)-dihydro-a-naphthol also forms colourless plates or needles, 
iieltiug at 71 identical with the product preriously dc.scrihed and 
ibtaincd by the direct hydrogenation of (x-naphthol and isomerisa- 
jon of the intermediate 5 : S-dihydro-ai-naphthol. 

The following tabic indicates the behaviour of aqueoms solutions 
if j-naphlhol, ,5 : 8-dihydro-a-naphthol, 5 : G(or 7 : 8)-dihydro-x- 
laphthol, and ar-tctrahydro-a-naphthol on the addition of ferric 
■hloride and calcium hypochlorite respectively : 


iViTin 

fhlol'ide. 


a-Naphtl)oI. 
Violet colour 
and precipi- 
tate. 


5 : 8'Dihydro- 
o-naphthol. 

A more reddish- 
violet colour 
and ptx'cipifato 
which develops 
inonj .slowly 
than i.s th'o 
case with 
O'liaphlhol. 


5 : G(or 7 : $)• 
Dihydro- 
a-iiuphthol. 

Brown colour 
and precipi- 
tate. 


nr-Totrahydro- 
a-imphthol. 
Yellow colour 
iintl pi'ocipi- 
talc. 


]iy[>ocliIoritc. 


A much redder 
colour and 
precipitate 
than with 

a-naphthol. 


Faint white 
precipitate. 


An important difference in tlie properties of 5 : 8-dihydro-oc- 
iiaphthul and 5 : 6(or 7 : 8)-dihydro-i-naplithol is .shown by their 
hdiaviour on Ireatmcnt ivitii sodium and etliyl alcohol, for the 
■| : S-isomeiide remains unchanged, whilst the 5 : 0(or 7 ; .S)-isomcridc 
is converted into flr-tctrahydro-j.-naplithol. 

It is clear, therefore, tlmt the course of the reaction in the con- 
version of s-naiJhthol into or-tetrahydro-a-naphthol by means of 
s:ieliiiiii and an alcohol is completely analogous to the course of tlie 
MCfiona in the hydrogenation of naphthalene and oL-naphthylaminc 
under similar conditions, and the intermediate dihydro-dcrivatives 
in caeh case cxhiliit a similar behaviour when treated with sodium 
and ethyl alcohol. 

The behaviour of the two dihydro-a-naphthol.s when .sulphonaled 
and nitrated under conditions similar to tho.se employed for 
or-tetrahydro-a-napli(hol {lac. cil.) was next examined. When the 
(lihydro-i-naphthols are treated with twice their weight of con- 
centrated sulphuric acid for two days at the ordinary temperature, 
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they are converted, for the greater part, into water-soluble pro- 
ducts, although sulphonation is accompanied to a certain extent 
by resinification. The crude sodium salts of the sulphonic aeid-i 
could be isolated from the sulphonation mixtures in the usual 
manner. The sulphonic acids are readily hydrolysed by dilute 
acids with regeneration of the dihydro-«-naphthols. From analogy 
to the monosulphonie acid of ar-tetrahydro-cc-nUphthol it was to be 
expected that the sulphonic group would enter the para-position 
■with respect to the hydroxyl group in the dihydro- cc-naphthols, 
and that this was the case is obvious from the behaviour of the 
sulphonic acids on nitration. 

3 : 8-Dihydro-a-naphthol-4-sulphonic acid and 3 : 6(or 7 : S)- 
dihydro-a-naphthol-4-sulphonic acid possess similar properties to 
ar-tctrahydro-a-naphthol-d-suiphonic acid, and, for example, in 
alkaline solution do not combine with diazonium compounds to 
form azo-dyes. 

For the nitration experiments it is unnecessary to isolate the 
sulphonic acids, but the diluted sulphonation mixtures wore 
nitrated directly, and 2-nitro-5 : 8-dihydro-a-naphthol, yellow 
needles, melting at 98°, volatile with steam, 2-nitro-5 : 0{or 7 : 8). 
dihydi'o-*-naphthol, yellow needles, melting at 35°, volatile with 
steam, and 2 ; 4-dinitro-5 : S-cUhydro-oc-naphthol, yellow, prismatic 
needles, melting at 127°, were obtained. 

Both dihydro- 3 t-naphthols exhibited behaviour similar to that 
of ar-tetrahydro-*-naphthol when treated with nitrou.s acid, and 
yielded 4 -nitro -5 : 8-dihydro-*-naphthol, brown needles, melting 
atl61°,and4-nitro-5 : 6(or7 : 8)-dihydro-a-naphthol, yellow needles, 
molting at 162°, respectively. 

All attempts to obtain 2 : 4-dinitro-5 : e(or 7 : 8)-dihydro-i. 
naphtho! either by nitration of the dihydronaphtholsulphonic acid 
with two molecules of nitric acid or by the further nitration ol 
4-nitro-3 : 6(or 7 : 8)-dihydro-5<-naplithol with nitric acid resulted 
in complete resinification of the compound. 

It should be noted that whereas the nitration of w-tetrahydro- 
ot-naphthol under the conditions described results in .almost tlico- 
reticai yields of the nitro-dcrivatives in all cases, the dihydro-i- 
naphthols are, on nitration, more readily oxidised under the 
existing conditions, and give extremely low yields of the mtro- 
derivatives. This behaviour Ls not surprising, however, in view 
of the unsaturated character of the hydrogenated ring in Hie 
dihydro- u-naphthols. 
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Experimental. 


H OH 

0 : 6 (or 7 : ^)-Dihydro-«-}iaphtM, „[ | | or 

'v/x/' 

( 1 ) A mixture of 400 c.c. of dry toluene or solvent naphtha 
(b. p. 139°) and 70 grams of sodium was boiled in a flask fitted with 
a reflux condenser, and a solution of 30 grams of a-naphthol in 
rather more ethyl alcohol than is neces.sary to dissolve the sodium 
was added drop by drop tbrough tbe condenser. Boiling was 
continued until all the sodium had disappeared, and the mixture 
was then distilled until the internal temperature rose to 125°, at 
which temperature heating was continued for one hour. The 
mixture was poured into water and distilled in a current of steam 
to remove the remainder of the toluene. The residue was acidified 
with hydrochloric acid and distilled in a current of steam, The 
distillate was saturated with sodium chloride, as the dihydronaph- 
thol is appreciably soluble in water, and the crystalline product 
.separated. Any unaltered n-naphthol was removed by conversion 
into its piorate. 

5 : 6 (or 7 : S)-Diliydro-ai-na.p!ilM forms colourless, silky needles 
or plates, melting at 71° (oorr.) (Found : C — 82d9; H = 6’79, 
C,|,H]oO requires C = 82-19; H = 6-85 per cent.). 

(2) Fifteen grams of 5 : 6 (or 7 : 8 )-dihydro- 5 t-naphthylamine 
were stirred into 25 grams of sulphuric acid diluted with 100 c.o. 
of water, and the crystalline paste, cooled to 2 °, was diazotised 
with a solution of 7-2 grams of sodium nitrite in 100 c.o. of water. 
The yellowish-red solution was kept for half an hour, warmed 
gently until the evolution of nitrogen ceased, distilled in a current 
of steam, and the distillate saturated with sodium chloride. The 
product, a mixture of 5 : 6 (or 7 : 8 )-dihydro. 3 c-naphthol and 
naphthalene, was extracted with sodium hydroxide, the extract 
was acidified, and the regenerated dihydronaphthol purified by 
distillation in a current of steam. The product was identical with 
that obtained by the direct hydrogenation of a-naphthol (Found : 
C— 81-99; H = 6-66 per cent.). 

^ or-Tetrahydro-a-naphthol is readily obfciined fro.m 5 : 6 (or 
" : 8 ).dihydi-a-a-naphthol by the gradual addition of 30 grams of 
sodium to a boiling solution of 10 grams of this dihy'dro-x-naphthol 
ffl 400 c.c. of dry ethyl alcohol. The ar-tetrahydro-x-naphthol was 
isolated in the usual manner. 
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H OH 


5 ; S-Dihydro ai-mphthol, 


\/\/ 

H 


This compound was prepared from 5 : 8-dihydro-ct-napht!iylamii)(, 
in a Bimilar manner to that described for the preceding compound 
5 : 8-Dihydro-oi-naphthol forms coioiirleas plates or needles, melt- 
ing at 75° (Found: C-^ 81-99; H — 6-92. rc(]uii’os 

C = 82-19 ; H = 6-85 per cent.). When heated with a solution of 
sodium ethoxide, it is converted into 5:6 (or 7 : 8)-dihydro-i. 
naphthol. 

Sulphonalion of 5 : S-Dikydro-a-naphthol. 

Ten grams of finely powdered 5 : 8-dihydro-ct-naphthol having: 
been completely dissolved in 20 grams of cold concentrated siil- 
phuric acid, the solution ivas kept for two days at the ordinary 
temperature, and the mixture was then diluted with water and 
filtered from a trace of unsulphonated 5 : 8-dihydro-a;-naplitlwl, 
The filtrate was neutralised with milk of Hme, and the calcium salt, 
after removal of calcium sulphate, was converted into the sodium 
salt and evaporated to dryne-ss. The sodium salt could not br 
obtained in a pure condition for analysis owing to the presence of 
resinous matter. It is very readily soluble in water, and the 
aulphonio group is readily hydrolysed by boiling with dilute 
acids, 5 : 8-dihydro-*-naphthol being regenerated. 5 ; S-I)ihydro-3. 
iiaphthol-4-sulphonic acid, in neutral or alkaline solution, docs not 
couple with diazonium salts to form azo-compounds. 


Snlphonaiion of 5 : 0(or 7 ; S)-Dihydro-yL-napMhol. 

This sulphonation was eflecded in a similar manner to tliat 
described for the preceding compound. The product, which could 
not be obtained in a sufficiently pure condilion for analysis 
possesses similar properties to those, of its isomeridc. 


H OH 


2-Nitro-!> : &-dihydro-a-naphlhol, jl 


Two grams of 6 : 8-dihydro-a-naphthol were dissolved in 4 grams 
of cold concentrated sulphuric acid. The solution was allowed to 



the BlHyDIlONAFHTHALENE SEMES. PART II. 


2027 


remain for two days, diluted with 6-5 c.c. of ivater, cooled in ice 
anil nitrated with 0-9 c.c. of nitric acid (d 14; 1 mol.) diluted witli 
■> c c. of water. The nitrosnlphonic acid did not separate from the 
mixture as did the corresponding compound during the nitration 
at fl/-tetrahydro-a-naphthol-4-sulphonic acid under the same 
conditions. The nitrosulphonic acid, therefore, was not isolated 
in this case, but the nitration mixture xvas boiled with dilute sul- 
phiiric acid (1 : 1 ) in order to hydrolyse the sulphonic group, and 
then distilled in a current of steam. 2-Xitro-5 : H-dihijdro-ix- 
napUhol forms yellow needles, melting at 98°. Tt is readily volatile 
with steam and possesses a sweet, pleasant odour. It dissolves in 
sodium hydroxide solution with an orange coloration, forms an 
oraiigc-rcd sodium salt, and couples with diazonium compounds 
forming azo-dyes (Found: C ^ ()2'7I ; H = 4.80; N = 7'13. 
t'jgHjOjN requires C = C2'82; H 4-71 ; N — 7-33 per cent.). 


2-NUro-'> : (i(or 7 : S)-(lihydro-s.-najihlhol, 
OH H OH 



This compound was prepared in the same manner as that 
described for the preceding compound. It forms yellow needles, 
melting at 55°, and posses.ses similar proiierties to those of 2-intro- 
; S-diliydro-sc-naphthol (Found : 0 = (i2-71 ; H — 4-84 ; N = 7'50. 
(-' 10 H 9 O 3 N requires C = 02-82; H = 4-71 ; N = 7-33 per cent.). 


H OH 


4.iVi(ro-5 : S-dihjdrn-x-najddhol, 



H NO 3 


Five grams of 5 : 8 -dihydro-cc-naphthol were dis.solvcd in sodium 
hydroxide, the solution being diluted with water to 150 c.c. To 
this, an aqueous solution of 3-6 grams of sodium nitrite (2 mols.) 
'tas added together with 100 gram.s of ice. Fifty c.c. of 10 per 
ceiit. sulphuric acid contained in a di'oppiiig funnel, the end of 
ffiiich dipped below the surface of the liquid, were then slowly run 
into the mixture with constant agitation. The sticky, yellowish- 
"hlte precipitate wa.s collected and washed with cold water. The 
major portion dissolved in sodium carbonate solution, and was 
liltwed from a quantity of a tarry residue. From the filtrate, the 

3 z* 
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product was precipitated by dilute acetic acid. 4-Nitro-^) ■ s 
dihydro-x-naphthd crystallises from dilute alcohol in brown needles 
melting at 161° (with deoomp.). It is not volatile with steam It 
dissolves in sodium hydroxide solution with a yellowish-brmvn 
coloration, and on addition of excess of alkah, the sodium salt 
crystallises in brown needles. 4-Nitro-5 : 8-dihydro- a-naphthol 
does not couple with diazoniura compounds (Found : C = 02-79 • 
H = 4-78 ; N = 7-1.5. requires C = 62-82 ; H = 4 - 7 ] ! 

N = 7-33 per cent.). 


4-Niiro-5 : 6(or 7 : Sydihijdro-n-napMhol, 
OH H OH 


H! 


f 


I I Hi 

I I or 


H NO, 


\/\/ 

NO, 


This compound was prepared in the same manner as that 
described for the preceding compound. It crystalUses from dilute 
alcohol in yellow needles, melting at 162° (with deoomp,). Its 
properties are similar to those of 4-nitro-.5 ; S-dihydro-a-nsplithol 
(Found: 0 = 62-99; H = 4-75; N = 7-15. Cio'HjOjN requires 
0 = 62-82; H = 4-71 ; N = 7-33 per cent.). 


H OH 

2 ; i-Dinitro-5 : S-dihydro-a-'napMwl, || ) | ^ ' 

\/\/ 

H NOj 

Four grams of 5 : S-dihydro-a-naphthol were dissolved in 8 grams 
of cold concentrated sulphuric acid, the solution was allowed to 
remain for two days, and diluted with 10 c.c. of water. The clear 
liquid was cooled in ice, and nitrated with 4-7 c.c. of nitric acid 
(d 1-4 ; 2-5 mols.) diluted with 5-5 c.c. of water. After all the nitric 
acid had been added, the mixture was allowed to remain at the 
ordinary temperature Icr some time. It was then warmed on the 
water-bath at 50° until a semi-crystalline product, insoluble in 
w'ater, had separated. A quantity of resinous impurity was 
removed from the product by careful washing with cold toluene. 

2 : i-Diniiro-ri : S-dihydro-oi-naphthol crystallises from ether in 
long, yellow, prismatic needles, melting at 127°. It dissolves in 
sodium hydroxide solution with an orange-brown coloration, and 
the sodium salt crystallises from the solution in orange needle-? 
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(Found : C — 50-75 ; H ^ 3-3G; N ^ 11-99. CjQHgOgN 2 requires 
F — 50*85; H — 3*39; N — 11-87 per cent.). 

DvESTUFFS Research Laboratory, 

College of Technology, Manciie.ster, 

[Received, Woveinhcr !*■/, 1021.] 


CCXXXIIL— ^esearcAes on Siilphvry] Chloride. Pari I. 
Influence of Catalysts: a Convenient Method, of 
Chlorinating Benzene. 

By Oswald Silberead. 


The present investigation was instituted with the two-told object 
of devising a convenient method of chlorinating the less reactive 
beiizenoid hydrocarbons with sulphury! chloride and also of throwing 
additional light on chlorination generally. Heretofore sulphuryl 
chloride has been little used for the chlorination of .such compounds 
owing to the difficulty with which it reacts; thus Dubois (ZeiUch. 
Ckm. von Beilstein u. Fritz Hubiier, 1866, 2, 705) found it neces- 
sary to tieat it at 1 .50° in sealed tubes with benzene in order to effect 
chlorination, wiiilst Tohl and Eberhard (Bor., 1893, 26, 2941) 
found 160 — 170° necessary. The pre.sent invosligation has, however, 
shown that in the presence of suitable catalysts this hydrocarbon 
may be chlorinated in a few minutes at the ordinary temperature 
(for details see below, c.xperiments Nos. 6, 7, 8, and 9), and, further, 
that in all cases where rapid chlorination is induced the reaction 
is accompanied by the formation of intensely coloured intermediate 
H. XT 


compounds probably of the type 

X- 


H 


, thus giving inter- 


esting evidence respecting the additive theory of chlorination 
(compare Kekule, Anncde.n, 1858, 106, 129; Michael, ■}. jtr. Chem.^ 
1883, [ii], 37, 486 ; van’t Hoff, “ AiiKiehton iiber Organische Chemie,” 
I, 225, 244; Schmidlin and Lange, Ber., 1910, 43, 2806; 1912, 45. 
1899). 

Broadly speaking, the catalysts investigated divide themselves 
into two groups, namely, those dependent on the hberation of free 
chlorine due to the dis.sociation of the sulphuryl chloride, and those 
the action of which involves the formation of some intensely coloured 
intermediate compound, to which there is every reason to assign 
n structure of the type indicated above (compare. II. E. Arm.strong, 
P.. 1888, 4, 27). 


3z*2 
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Of the first group of catalysts investigated, iodine induces chlorin. 
ation to the extent of 17 ])er cent, on boiling for eight hours ; • 
thionyl chloride 24 per cent, in the same time ; sulphur or .sulphur 
chloride 37 per cent., and ferric chloride 53 per cent.j The reason 
for tliia wide difference in velocity becomes evident on considerin.r 
the properties of an admixture of the reacting substances with 
sulphuryl chloride. Iodine acts as a simple carrier dependent on 
the dissociation of sulphuryl chloriele for the formation of iodine 
trichloride (compare Ruff, Ber., 1901 , 34, 1749). Thionyl chloiido 
has been shown to behave as a mi.xturc of sulphur dioxide and 
sulphur tetrachloride under certain conditions (Prinz, Annnkn, 
1884, 223, 355); it therefore appears probable that the latter 
compound is the active chlorinating agent in this case and aim 
when sulphur or sulphur chloride is present, both of which are 
converted into higher chlorides by excess of sulphuryl ohlorido 
(Ruff, loc. cit., p. 1750). Ferric chloride acts, not only as a carrier, 
but also, as is often the case with thi.s reagent, in a manner similar 
to aluminium chloride Iry inducing dissociation of the sulphuryl 
chloride (compare Ruff, Ber., 1902, 35, 4453 ; Chm. Zeit., IfiOC, 
30. 1225; Roland, Chem. Zeit., 1900, 30, 1173). 

The second series of catalysts differs materially from those con- 
sidered above in that their action is accompanied by the production 
of much more intensely coloured substances, and also in that they 
induce incomparably more vigorous chlorination. They consist 
of aluminium chloride together with some sulphur compound, the 
simplest case being wlien sulphuryl chloride, itself acts in this 
capacity also. In this connexion it should he observed that the 
action of aluminium chloride on a mixture of sulphuryl chlondc 
and benzene under conditioas conducive to tlie Fricdel and Crafts 
reaction has already been investigated by Tohl and Eberhatd 
{loc. cit.), who, working under these conditions, obtained chiefly 
benzenesulphonyl chforicle together with a smaller quantity of 
diphenylsulphone and about 4J per cent, of chlorobenzene; this 
work was subsequently confirmed and elaborated by Bocsekeii 
{Rec. trav. chim., 1911, 30, 381), W'ho, working under coiiditroiis 
even more suited to the Friedel and Crafts reaction, succeeded in 
isolating benzenesulphimc acid as well as the above compounds. 

* Tohl imd Eborhard (Ber., 1893, 26, 2941) obtained chlorobenzene by 
heating a mixthire of benzene with sulphuryl chloride and iodine at 15 'ji 
sealed tubes. D.R.-P. 2G9249, which relates to the chlorination of 
anthraquinone by means of sulijhuryl chloride in the presence of nitrobeniciifp 
also claims the use of iodine as a catalyst. 

t Quite recently Durrans made use of ferric chloride in. effecting the ch oim 
ation of triphenyl phosphate, wlrich is not attacked by sulphurjl choii 
alone (private communicatitm). 
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IVIi®, however, sulphury! chloride is rapidly run into a boiling 
ijjix’tiire of benzene and aluminium chloride, chlorination occurs 
almost to the exclusion of all other reaction.s, the yield being about 
;i0 per cent, of the theoretical, ivhil.st the reacting mass, which at 
jiist assumes a vandyke-brown hue, subsequently turns to an inten.se 
violet-brown. This remarkable reaction appears to be traceable 
to the tendency of aluminium chloride to form a double conijiound 
bolh with the hydrocarbon and also rvith the sulphuryl chloride, 
the probable constitution and decomposition of which may well 
he indicated by the following equation : 


Hv 


.01 


"\/ 

aici/\=/\h 


' “\so, 


AlCljlSO^ + C„H,,C1 + HCl. 


0 


Additional probability is lent to thi.s .suggestion by (he fact that 
the reaction become.? vigorous at the same temperature at which 
RulF observed the compound AlC'lj.'SO, to break up with regeneration 
of the aluminium chloride [Bar., 1002, 35, 4453). The addition of 
thioiiyl chloride to the above iiii.xturc materially reduces the tem- 
perature at which the action takes place, whilst the presence of 
sulphur or sulphur chloride brings about vigorous chlorination in 
the cold, the end product being in tbi.s case intensely indigo-blue. 
The constitution of tins coloured eompiound is probably similar 
to that suggested above ; the precise nature is, however, still under 
invrstigation. 


E X P E E l .M E X T A L. 


In order to avoid repetition, the method adopted in investi- 
gating the influence of the various catalwts examined on the 
rhlorination of benzene with sulphuryl chloride is here briefly 
set forth in general tenns ; The required hydrocarbon (15C gram.s 
of benzene ; 2 mots.), together with the, catalyst in question, was 
placed in a flask submerged in a wator-hath and provided with an 
cific'icnt reflux condenser, the upper pxirtion of which was loosely 
hacked with asbe.stos and connected through a trap with a flask 
eontaining 10 litres of water in order to absorb the sulphur dioxide 
and hydrochloric acid gas which are copiously evolved during the 
reaction. A 5 per cent, execs, s of .sulphuryl chloride (284 gram.s) 
was then run in, the water-hath being maintaine'd at such a tem- 
IKTature that a vn'goroiis reaction oecum'd, or, in the event of no 
'igorouB action taking place, at the boiling jwint of the mixture, 
fhc reaction was allowed to proceed for eight hours, except in such 
eases as it was comjilete in a shorter time. The product was then 
freed from any remaining sulphuryl chloride by agitation with 
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water, steam-distilled, and the relative degree of chlorination 
ascertained by determining the density of the distillate ; from the 
figure thus obtained the composition was calculated on the as.suin[ . 
tion that the product con-sisted of a mixture of chlorobenzene 
together with unaltered benzene, or dichlorobenzene, as the ca.se 
might be : the exact nature of the constituents was subsequently 
established by submitting the steam-distillate to systematic frac- 
tionation and identifying the products isolated in the usual manner 
Operating in this way, the influence of the following catalysts was 
examined with the following results : 


Experiment No. 1. Catalyst Iodine. 

tieaclion. — On mixing the ingredients (benzene, 156 grams; 
sulphuryl chloride, 284 grams ; iodine, 5 grams), no reaction occurs; 
on boiling, the red coloration due to iodine slowly disappears as 
the iodine is converted into the trichloride, and the liquid a.ssumc8 
a ruddy brown colour. During the whole experiment a slow, 
steady stream of sulphur dioxide and hydi'ochlorio acid ga.s is 
evolved : the reaction is evidently not completed by boiling for 
the duration of the experiment, namely, eight hours. 

Yield. — On steam distillation an oil (148 grams) having d^'-’ 
0-927 was obtained ; this corre-sponds with a yield of 38 grams of 
chlorobenzene, from which it would appear that iodine induces 
the chlorination of 16-8 per cent, of tho benzene in eight hoars 
under tho above conditions. 

Identification. — 10-5 Grams of pure chlorobenzene w'cre isolated 
by fractionation (h'ouud : Cl — 31-22. Calc,, Cl = 31-50 per 
cent.). 

Experiment No. 2. Catalyst Thionyl Chloride. 

Reaction. — On mixing the ingredients (benzene, 156 grams; 
thionyl chloride, 5 grams; sulphuryl chloride, 284 grams), no 
reaction occurs; on heating, the liquid, which at first is colour- 
less, rapidly assumes a pink sliade, and a slow stream of sulphur 
dioxide and hydrochlorr,: acid gas is evolved; eight hours’ boiling 
fails to complete the reaction. 

Yield. — On steam distillation, an oil (163 grams) having d-' 
0-945 w'as obtained ; this corresponds w-ith a yield of 54-5 grains of 
chlorobenzene, hence thionyl chloride induces chlorination to the 
extent of 24 per cent, of the benzene in eight hours under the 
above conditions. 

Identification. — Thirty-six grams of pure chlorobenzene wen- 
isoiated on fractionation (Found : Cl = 31-11 per cept.), 



SILBEKKAD ; EESEARCHES OS SUlfHURYL CHLORIDE. PART I. 2033 


Experiment No. 3. ■ Catalyst Sulphur. 

Mention.— On dissolving the sulphur (5 grams) in the benzene 
(15(i grams) and adding the sulphuryl chloride (284 grams), no 
action occurred in the cold; on boiling, a slow stream of sulphur 
dioxide and hydrochloric acid gas was evolved and the liquid, which 
in the first instance possessed a pale lemon tint, gradually assumed 
a decided amber yellow. The reaction was not complete at the 
expiration of eight hours’ boiling. 

Yield . — On steam distillation, an oil (166 grams) having 
0-978 was obtained. This correspond.s with a yield of 83 grams 
of chlorobenzene, hence sulphur under the above conditions induces 
chlorination to the extent of 37 per cent, of the benzene used in 
eight hours. 

Identification.— Y'dty-ono grams of pure chlorobenzene were 
isolated by fractionation (Found : Cl — 3M3 per cent.). 

Experiment No. 4. Catalyst Sulphur Chloride. 

UeMtion.— On mixing the ingredients together (benzene, 156 
grams; sulphuryl chloride, 284 grams; sulphur chloride, 5 grains), 
there was no action in the cold ; on boiling, a slow, steady evolution 
of sulphur dioxide and hydrochloric acid gas occurred, and the 
liquid, which at first was pale lemon-yellow, developed a clear 
amber colour. The reaction was not complete after eight hours 
boiling. 

Yield.— On steam distillation, an oil (ICO grams) having 
O 'JSa was obtained. This corresponds with a yield of <S4 grams 
of chlorobenzene, hence sulphur chloride under the above conditions 
induces chlorination to the extent of 37 per cent, of the benzene 
used in eight hours. 

IdciitificalioH. — Fifty-four grams of pure chlorobenzene were 
isolated by fractionation (Found ; Cl = 31-28 jicr cent.). 


E.rperimenl No. 5. Catalyst Ferric Chloride. 

Keaction . — On mixing the ingredients (benzene, 150 grams ; 
sulphuryl chloride, 284 grains; anhydrous ferric chloride, 5 grams), 
no reaction occurred in the cold ; on boiling, a stream of sulphur 
dioxide and hydrochloric acid gas was evolved; the reaction was 
sridently not completed at the expiration of eight hours at the 
toiling point of the mixture. During the operation the product 
turned through amber yellow to a i-uddy brown. 

Ykld.~On steam distillation! an oil (174 grams) having 
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1-024 was obtained; this corresponds with a yield of 119 grams of 
chlorobenzene, from which it would appear that ferric chloride 
induces chlorination to the extent of 53 per cent, of the benzene 
in eight hours under the above conditions. 

Jdenliftcaiion.—T^imty grams of pure chlorobenzene were isolated 
on fractionation (Found: Cl = 31-36 per cent.), also 2 grams of 
p-dichlorobcnzcnc, m. p. 53°. 


Experiment No. 0. Catalyst Aluminium CMoruk (Anhydrous). 

fuffredicn/s.— Benzene, 1 56 grams ; sulphuryl chloride, 284 grams ; 
anhydrous aluminium chloride, 5 grams. 

Rcaeiion . — The benzene and aluminium chloride were mi.xcd, a 
few o.c. of sulphuryl chloride added, and the temperature of tlip 
hath raised until the slight reaction which started in the cold became 
vigorous — this occuro'd at 60 — 70°, at which temperature the re. 
maiuder of the sulphuryl chloride was rapidly added. During tin 
operation, which occupied forty-6vc minutes and was accompanied 
by the eopiou.s evolution of sulphur dioxide and hydrochloric acid 
gas, the mixture, which on the fii-st addition of sulphuryl chloride 
assumed a deep vaiidyke-brown colour, passed through black to 
intense violet-brown, the precise shade of which varied considcraWy 
when benzene containing tbiophon or traces of toluene was used. 

Yield.— On .steam distillation, an oil (200 grams) having (F 
1-105 was obtained; this corresponds with 190 grams of chloro- 
benzene, or a yield amounting to 89 per cent, of the theoretical. 

I denliftcatioii.— One hundred and cighty-one grams of purr 
chlorobenzene were isolated on fractionation (Found : Cl = 314s 
per cent.). 


Experiment No. 7. Catalyst Alimiuium CUoride and Thwiid 
Chloride. 

Ingredients.— V,cnzenc, 156gi-ams; sulphuryl cliloridc, 284 grams; 
aluminium chloride, 5 grams ; thionyl chloride, 1 gram. 

Reaction.- On adding the thionyl chloride to the benzene and 
aluminium cldoridc, w'hicli had been previously mixed, the iKimd 
turned dark brown and, on adding the suljrhuryl chloride to iliis 
mixture, a fairly vigorous reaction set in at the ordinary^tciin 
perature; the operation was completed by warming at SO’ am 
occupied in all forty-five minutes, the final product being iiitensciT 
violet-brown. The reaction was considerably more vigorou.s than 
when aluminium chloride alone formed the catalyst (So, 6). 
Yidd . — On steam distillation, an oil (200 grams) having 8 
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], 13 l «a.s obtained : this corresponds with 186 grams of ehloro- 
Ijeiizonc and 14 graro.s of dichlorobenzcne, from which it would 
;q)|iear that 83 per cent, of the available chlorine had passed iiito 
the hydrocarbon. 

Identification- — One hundred and fifty-two gram.s of pure chloro- 
benzene were isolated on fractionation (Found : Cl = 31-62 per 
cent.), also 5 grams of p-diohlorobenzcne, m. p. 53°. 

E.rperim-ent No. 8. Catalyst Ahiminium Chloride and Sulphur. 

Ingredients.— Bc.mom, 156 grains ; sulphiiryl chloride, 284 grams ; 
aluniiniiini chloride, 5 grams ; sulphur, 1 gram. 

ifrac/i'on:— The sulphur was dissolved in the benzene, the alu- 
minium chloride added, and a few c.c. of .sulphuryl chloride run in ; 
llic temperature of the hath was then raised until the .slight reaction 
which .started in the cold became vigorous, which occurred at about 
40°, at which temperature the mnaindcr of tlic .sulphuryl chloride 
wa.s added. The whole operalion occupied fifty-five minutes, 
(luring which time the liquid a-ssumed first a vandyke-hrown colour, 
ilien black, and finally pure indigo-blue. Tn carrying out this 
operation, it is important that the sulphur bo completely in solu- 
tion before starting, as otherwise tlie reaction may bo. delayed in 
starting and subsequently lieconie uncontrollable. 

Ykld.— On steam distillation, an oil (I.S7 grams) having d*'" 
1-1.56 was obtained; this corresponds with 143 grams of ehloro- 
lienzonc and 44 grams of dielilorobenzono, from which it would 
appear that 89 per cent, of the available chlorine has pas.scd into 
tlio hydrocarbon. 

Identification.— One hundred and twenty gr.ams of pure chloro- 
benzene were obtained by fractionation (Found : Cl = 31-5,5 per 
cent,), also 15 grams of p-dicb)orobenzenc, m, p. 53°. 

E.rpenment No. 9. Catalyst Ahnninhm Chloride and Sulplmr 
Chloride. 

Ingredients. — Benzene. 156 grams ; suljiburyl chloride, 284 grams ; 
.ilaminium chloride, 5 grams; sulpihur chloride, 1 gram, 

Iteaclwii . — On adding tlie sulphur ehloride to the mixture of 
h’uzcne and aluminium ehloride, the litpuid turned deep green, 
"Inch changed to hluish-hlaok as soon a.s the .sulphuryl ehloridi; 
"as added, and .so vigorous a reaction set in lliat the temperature 
of the .surrounding bath, which at the tieginning of the experiment 
■doncl at 20°, ro.se 10" during the addition of this compound. 

re, action was complete in thirty minutes, the product being 
intensely blue. 
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Yield . — On steam distillation, an oil (183 grams) having (Ja* 
M37 was obtained; this corresponds with a yield of 156 grams of 
chlorobenzene and 27 grams of dichlorobenzene, from which it 
would appear that 87 per cent, of the available chlorine has passed 
into the hydrocarbon. 

Ideniificalion.— One hundred and thirty grams of pure chloto- 
benzene were isolated by fractionation (Found : Cl= 31-82 per 
cent.), also 7 grams of p-dichlorobenzene, ra. p. 53°. 

The author’s thanks are due to Mes-srs. A. Boake, Roberts and 
Co., Ltd., for supplying the sulphuryl chloride required for this 
investigation. 

TUE SllBEKRAI) EESE.WCIC I.MJOU.iTOBIES, 

Bcckhokst lliLt, EssE.'i. [Ueceived, November 5th, 1021.] 


CGXXXIV.—The Adsorflion of Thorium-B ami 
Thorium-G by Ferric Hydroxide. 

By John Arnold Ckabston and Robert Ai.exandee Burnett. 

It has been found by McCoy and Viol [Phil. Hag., 1913, [vi], 25, 
340) that “ ferric iron precipitated by fumario acid from a boiling, 
nearly neutral solution of thorium-B and thorium-0 carries down 
aU the -C and only a small part of the -B.” By redissolving the 
precipitated iron with the radioactive matter adsorbed and repeating 
the process, it is claimed that Ihorium-C can be obtained in which 
no thorium-B can bo detected after the decay of the former. This 
process is recommended by these authors as a method of separating 
thorium-C in a state of radioactive purity. 

In view of the number of recent publications on the determina- 
tion of acidity in weakly acid solutions, and the marked influence 
of the hydrogen ion on many reactions, it seemed desirable to 
investigate more close / this adsorption effect. Careful measure- 
ments have been made of the acidity of the solutions used, and of 
the ratio in which thorium-B and thorium-C were adsorbed, with 
a view to determine whether any connexion exists between these 

two factors. -it™ 

The ratio of thorium-B to thoriura-C is readily determined Iro 
the form of the decay curve. Pure thorium-O decays with the 
period of half change 1 hour, giving out a-rays; pure thorium- 
shows no initial a-activity, but develops an activity that rises o 
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niaximura in ^ hours and then decays with the period of half 
change 10-6 hours. In a mixture of thorium-B and thorium-C’, 
the amount of -C is proportional to the initial activity, whilst the 
amount of -B originally present can be calculated from the residual 
activity after the decay of the original thorium-C, that is, after 
about six hours. 

In the following experiments the activities were measured 
throughout in the n-ray electro.scope and the ratio of thorium-B 
to -C calculated from the form of the decay curve. The acid used 
was hydrochloric, a stock solution being diluted to the various 
strengths required. With a dilute solution of ferric chloride, 
about 2 grams per litre, it was found that in acid solution hydrolysis 
took place with precipitation of ferric hydroxide under the following 

conditions : 

Volume of hydrochloric acid used = 15 to 25 c.o. 

Maximum normality of the acid = xV/20. 

Volume of .V/lO-fumaric acid solution, or 
sodium fumarato = 3 c.c. 

Volume of standard ferric chloride ^ 3 c.c. 

When the whole was raised to boiling, hydi-olysis was complete 
ill a few minutes. 

Ill the first series of experiments the active deposit of thorium-B 
and thoriura-O, obtained in the usual way by exposing a negatively 
charged plate to thorium hydroxide, was di.ssolved in 15 c.c. of 
hydrochloric acid eacli time, the slrengtli of the acid being varied. 
.Solutions of sodium fumarate and ferric chloride were added in 
the quantities stated above, and tlie whole boiled to precipitate 
the iron. The precipitate was wasliod, quickly dried, and the activity 
oil the filter-paper determined for several hours. Tlio actual decay 
turves obtained arc shown in Fig. 1 along with the dotted curves 
(a) and (b), whicli are the theoretical curves for pure thorium-C and 
for the equilibrium mixture respectively. The scale of activities 
is so chosen that the initial activity in each case is 100. The results 
ire tabulated below in a somewhat different form, the acidity being 
expressed as normality of hydrochloric acid used and the ratio 
given as atoms of thorium-B per atom of thorium-(?. In the 
original active deposit, where the two members were present in 
radioactive equilibrium, this ratio had the value 10-6, 


Xumwlity of .acid Il-n2!1 O'OI I (VOOT O'OOi 0 003 

atomic, ratio, Th-Ji/Th-C 3-1 17-7 IS’S 33-7 .'i?'? 


From these figures it is apparent that, in the most strongly acid 
solution, thorium-G is adsorbed in considerable excess of the equi- 
librium ratio, and the decay curve (No. 1) is not very different 
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from that of pure thorium-C. But as the acidity is decreased (he 
relative amount of thorium-B increases, until from the most weakly 
acid solution tliorium-B is adsorbed in large excess, and tlio 
curve shows a maximum activity characteristic of thorium- fi. 

It was recognised, however, that in these experiments the nor. 
inality of the acid as given represents the total hydrochloric acid 
added, hut does not represent the concentration of hydrogen ion 
after the precipitation. Part of the hydrochloric acid would act 


Fig. 1. 



on the sodium fumara ie to liberate free fumaric acid which, as an 
organic dibasic acid, would he only slightly ionised. The actual 
concentration of hydrogen ion ivould thus be lower than is indicated 
by the normality. Another and oppo.sing factor is the hydrochionc 
acid liberated in the solution by the hydrolysis of the ferric dilona 
The precipitate of iron contained about 6 — 10 mg. of ferric o® ^ 
and the amount of hydrochloric acid liberated may readily )f 

calculated as follows : n, t - 

One gram-molecule, that is, 160 grams, of ferric oxide hberate* 
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sis of^^uivaisiits of hydrocMoric acid. If these ecjuivalents arc 
present in 25 c.o., the normality is raised by 240. Thus 10 mg. of 
ftrric oxide raise the iiormahty by 0-01 5iV. This amount is very 
appreciable in view of the low acidities used. 

A second series of experiments was accordingly undertaken in 
which the actual concentration of hydrogen ion was measured in 
place of the normality of the hydrochloric acid. The active deposit 
was dissolved as before in hydrochloric acid of varying .strength, 
fumario acid and ferric chloride were added, and the iron vas 
precipitated by boiling, the filtrate from each experiment was 
collected and the concentration of hydrogen ion in it determined 
by the hydrogen cell. The final acidity thus measured is a complex 
quantity, being the sum of three faetors—the hydrochloric acid 
used, the fumario acid added, and the hydrochloric acid liberated 
by the hydrolysis of the ferric chloride. It is therefore not strictly 
comparable with the figures in the previous table, which refer only 
to the normality of the hydrochloric acid used. Indeed, when 
the active deposit is removed from the plate by simply warming 
in ferric chloride solution without the arldition of any acid, the 
resulting filtrate is distinctly acid. To reach lower acidities it is 
necessary to add diluto alkali to the ferric chloride, and care has 
to be taken to avoid local precipitation of ferric hydroxide during 
the addition. 

The results of this scries of experiments arc given in the following 
(able, and the decay turves obtained arc shown in Fig. 2. 

Final liydrion con- 

ccntralioii iii grams 


1*1 litre 0-00S5 OOOC8 000C3 0-00."i.t (I'OOtO 00040 0 0037 

Atomic ratio, Th-Bj 

1-2 2-25 3-8 7-8 10-C 13'0 16-9 


The same transition from excess of the C'-ruember to excess of 
the 5-inember is again evident, and Fig. 3 shows graphically the 
iiKTcasc of the ratio Th-i?/Tli-f/ with diminishijig acidity. The 
tiat portions of the graph can be jmolonged at either end, and 
experimental points have been obtained coiTe.spondiiig with higher 
Slid lower acidities than those shown. As the middle part of the 
graph is the most interestiiig, it only has been shown on a larger 
■‘<‘de than would otherwise be possible. The top portion of this 
graph is the more difficult to realise experimentally, and in order 
jo t^oatrol better the lower acidities, an attempt was made to use 
' le buffer mixtures of hydrochloric acid and sodium acetate given 
'jy Walpole (T., 1914, 105, 2501, 2521). The active deposit was 
issolved in a mixture of hydrochloric acid and sodium acetate 
a known hydriou concentration, and ferric chloride added 
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SO as to precipitate basic ferric acetate as adsorbent. Unfortunatelv, 
with the low concentration of acetic anion in these mixtures and 
the small quantity of iron permissible as adsorbent, it was not 
found possible to precipitate basic ferric acetate at an acidity 
greater than [H'] = lO'®. At this very low acidity thorium-B was 


Fio. 2. 



adsorbed in large excess. At the lower end, the curve is limited 
by the strength of acid in which ferric hydroxide can be 
hydrolysis. In no experiment was pure thorium-C adsorbe , e 
nearest approach to it being a mixture for which the atomic ra 
Th-B /Th -C was 0-4. It should be noted that even when 
and thorium-C are present in equal quantity, the decay cun 
the mixture differs from that of pure thorium-C only very s g 
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during the first three hours, and only after four hours does the 
difierence due to the thorium-B become really appreciable. 

It is worth while comparing the graph of Fig. 3 with that published 
by von Hevesy {Phil, Mag,^ 1912, [vi], 23, C‘28) in his investigation 
of the electrochemical properties of thorium-B and thorium-C, in 
^hich he deposited both these elements on metallic electrodes at 
varying potentials. By dipping a noble metal in a solution of one 
of its salts, for example, silver in silver nitrate, a positive potential 
was obtained ; similarly by dipping such a metal as magnesium or 
line in a solution of its sulphate the electrode took up a negative 


Fra. 3. 



potential towards the solution. At a positive potential thorium-C 
was deposited on the electrode almost pure, whilst at a sufficiently 
negative potential thorium-B was deposited in largo excess; at 
intermediate potentials the two members were dcpo.sited in varying 
ratios, the proportion of thorium-C diminishing as the potential 
hecame more negative, and at — O-ti volt against the calomel 
electrode the two were deposited in radioactive equilibrium. The 
graph showing the ratio of thorium-B to thorium-C as ordinate 
and the electrode potential as abscissa has the same general form 
as that of Fig. 3, and both curves show an inflexion at the point 
ccrrespondiiig with the radioactive equilibrium. 

The explanation of this similarity between the curves for electro- 
rposition and adsorption probably lies in the application of von 
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Lerch’s rule, that the successive products in a disintegration series 
become more iioblc>’’ and in the fact that thoriuni-B and thorium. 
C are known to exist both as colloids and ions. Thorium-B exists 
as a negatively charged colloid and thorium-ty as a mixture of 
negative and positive colloid, the amount of positive deereasino 
with the acidity of the solution. In very weakly acid solution 
both exist mainly as negative colloids. As the acidity gradually 
increases, it is suggested that thoriuiu-iJ, a.s the less noble element, 
with the greater tendency to form positive ions, passes first into 
the ionic state, while thorium-C remains colloidal. Hence, ia the 
most acid solutions, tliorium-C is adsorbed almost pure by the 
positively charged ferric hydroxide, hut as the acidity diminishes 
and thorium-B passes into the colloidal state, the latter is adsorbed 
ill increasing ratio and Hnally in e.xcess of the eeiuilibrium ratio, 
This reasoning also explains why thorium-B cannot be adsorbed 
in the same high degree of purity as thorium-C, for in weak acid 
that part of the thorium-C which is pre.sent as negative colloid is 
adsorbed along with the thorium-£. 

To tost the validity of this colloidal theory a third series of 
experiments was undertaken in which colloidal ferric hydroxide ivae 
used. The active deposit was dissolved as before in 2.) c.c. of 
hydrochloric acid, the strength of which was gradually diminished 
in succe.s.sivc experiments. Below about A /10,000-acid it is not 
possible to dilute hydrochloric acid with accuracy, and for these 
low acidities hydrochloric acid was replaced by mixtures of potass- 
ium dihydrogen pho.sphate and disodium hydrogen phosphate, 
for which the hydrogen-ion concentration is accurately known (see 
Prideaux, “Theory and Lose of Indicators”). To the solution of 
the active deposit was added 1 c.c. of ferric hydroxide hydroso! 
(dialysed free from hydrochloric acid) and the iron was precipitated 
by addition of a drop of sodium sulphate solution. The pie- 
cipitated iron carried down thorium-B and thoriura-B in vanhg 
proportions, the relative amount of thorium-B increasing as before 
with diminishing acidity. The results are shown in the following 
table. The acidity of the solutions is given for convenience in to 
form of log [H*]; thu", for A /lOO-acid, log [H ] = ■— 2. 


-log [H'l 

Atomic ratio, Th-B/Th-(7 


1-7 20 2-3 2-7 3-0 1 0 4 M e'll 

0'43 0-'J7 2-0 3-0 7-0 lo'O lo ti 1® - 


The variation of the ratio of thorium-B to -C is shown in Fig- _ 
the acid end of the curve is limited, of course, by the strengt i o 
the acid in which ferric hy-droxide can be precipitated. Althougi 
not identical with the curve of Fig. 3, this graph shows the sai* 
general shape, with a well-defined transition from excess o i* 
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r.raenibcr to excess of the B-, and has the same inflexion at the 
point of radioactive eiiuilibrmm. 

These results obtained with colloidal iron appear to bear out 
the colloidal hypothesis previously outlined. Although the con- 
(.(Oitration of the radioactive matter is insufficient to coagulate the 
colloidal iron, once this coagulation is effected hy addition of a 
suitable electrolyte the positively charged iron adsorb.s that ])art 
cif the radioactive matter which exists as negative colloid, the 
electric charges neutralising one other. The inflexion pointed out 
Ijv von Hevesy and noted again in lugs. 5 and 4 is not so easily 

Fig. 4. 



ci|)la,incd. Why should these curves, relating to different pho- 
iioincna, both show an inflexion at the same point, and that llic 
: iwint corresponding with the radioactive equilibrium ( One is 
tempted to look for some connexion hetween the electrical and 
(olloidal properties of these elements and their atomic stabilities 
as expressed by their equilibrium ratio. 

FurtluT experiments are being carried out in order to obtain 
more data on this point. 

Summary. 

1. It has been shown that ferric hydroxide adsorbs thorium-B 
and tliorium-B in proportions varying regularly with the acidity 
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of the solution. The method is suitable for separating 
thorium-C only if the acidity is kept above a certain limit. 

2. The variation of the ratio of thorium-B and thorium-C is 
continuous, so that the effect seems to be true adsorption and 
not the formation of a chemical compound between the active 
matter and the iron. 

3. A colloidal theory has been suggested to explain the experi. 
mental results; it involves the passage of the radioactive matter 
from the ionic to the colloidal state, the change being governed 
by the acidity of the solution. 

4. A parallelism has been pointed out between the results reported 
here and those of von Hevesy for electrode deposition of the same 
elements. From this parallelism some evidence lias been obtained 
that suggests a connexion between the atomic stabilities of thorium. 
B and thorium-C and their electrochemical properties. 

The Roy.1L Technical Colleoe, 

Gmsouw. [Received, October lOlli, 1021,] 


CCXXXV. — MttaUic Derivatives of Nilm phenolic Com- 
pounds. Part II. Some Nitrotohjloxiiks of Metals 
of Group 11. 

By Dorotiiy Goddard and AnciiTBALD Edwin Goddard. 

In tiic present communication, a study has been made of the 
salts derived from the 1 : 2 : 3-, 1 : 3 : 4-, 1 : 4 ; 3-, and 1 ; 3 : C-nitro- 
cresols, together with .some compounds of dinitro-o-cresol. By 
comparing these with the alkaline-earth nitrophenoxides (Goddard, 
this vol., p. 1101), the change in solubility and in colour due to 
the influence of the methyl group is dealt with, and .since the 
thalliumdialkyl nitrotolyloxides (Goddard, this vol., p. 131(b 
resemble the alkali compounds, they have also been alluded to in 
tracing similarities in : olubility. All the substances now described 
were made by treating the nitrocresols in aqueous solution vitb 
the hydroxides or carbonates of the metals. The following hyehated 
barium salte hax'e now been isolated ; tlie S-nitro-o-tolyloxide 
(+ 2 H 2 O); the 4-nit, ro-m-tolyloxide (+1H,0); the C-nitro^ 
m-tolyloxide (fl- GHgO), together with their anhydrous salts an 
the anhydrous 3-nitro-p-tolyloxide. The anhydrous salts veie 
obtained by heating the hydrated forms at temperatures ranging 
from 120—160°. In the three cases, where the nitro- and hydroxy 
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groups are in the oriAo-position to one another, the deepest colour 
is observed, this reaching a maximum in ttie compound having 
GH 3 : OH : NO 2 = 1:2:3. The difference, however, in colour 
between the compounds containing these groups in positions 
1 ; 3 : 4 and 1:4:3 is not so marked as in the corresponding 
thalliumdialkyl- compounds, and all the salts are darker than 
barium o-nitrophenoxide. 

.Vlthough the last-named salt has never been obtained with 
water of crystallisation, it is noticeable that two of the above salts 
have water of hydration, which may be associated in some way 
with the presence of the methyl group. Barium 3-nitro-o-tolyl- 
o.vide is the most soluble of the three compounds, and more so 
than barium o-nitrophenoxide, but it is much more insoluble 
than the thalliumdialkyl derivatives. The 6 -nitro-m-tolyloxido 
having its nitro- and hydroxyl groups in (ho jxtra-position is com- 
[larable with barium p-nitrophenoxide, and it has almost the same 
solubility in organic solvents. 

In the case of the strontium salts, the following wore obtained : 
the 3-nitro-o-tolyIoxide (-I- 2 H 2 O); the 4-nitro-m-tolyloxide 
(-f-lEp); the 3-nitro-p-tolylo.\idc (-I- 4 H 2 O), and their corres- 
ponding anhydrous derivatives, also the anhydrous C-nitro-m- 
tolyloxide. A noticeable feature of the .strontinni salts is tlie 
(lilfcrontly coloured solutions they give wlicn heated with the 
various solvents, this not being so marked with the barium and 
calcium compounds. They arc more solulde in ethyl acetate 
than the barium salts, and the greatest solubility is again shown 
by the derivative of 1:2: 3-nitrocrosol. When the nitro- and 
hydroxyl-groups in these compounds are in the or/Ao-position, 
their colour shows much more of the red and less of the yellow 
than strontium o-nitrophenoxide, and the yellow of the 1 : 3 : 0 
salts is deeper than that of strontium p-nitrophenoxide. 

In deahng with nitrophenoxides, it was shown that the calcium 
compounds usually contain more water of crystallisation than those 
of barium or strontium, but this lia.s not been found to prevail in 
the present case. The undermentioned and their anhydrous 
derivatives are now described : the 3-nitro-o-toIyloxide ( + 2 H 2 O) ; 
the 4-nitro-m-tolyloxide ( + SIIjO) ; the 3-nitro-p-tolyioxide 
(blHp); and the b-nitro-ni-tolyloxidc {+ 2 H 2 O). Tlie an- 
hydrous compounds of the first three are differentiated from the 
barium and strontium an.alognes by their greater solubility in 
alcohol, but the 4-nitro-m-folylo.\ide is deebk'dly llie most in- 
soluble in organic solvents. The 6 -nitro-compouud resembles very 
closely calcium p-nitrophenoxidc, being insohiblo in most organic 
media. 
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Only two magnesium hydrates and their anhydrous salts luy. 
been investigated, namely : the 4-nitro-m-tolyloxide ( + 4H, ()| 
and the 3-nitro-p-tolyloxide (d-SHjO). These are the 
solidjlc compounds yet described, and their corresponding uit,,, 
phenoxides are at present under investigation. Their colour 
tends more towards orange than is the case with the bariunr 
.strontium, and calcium salts. Stacdcl (Annalen, 1883, 217, 
dc.scribc.s barium dinitro-o-tolyloxide ( + SHjO), and Cazeucuv > 
(Bull. 8<jc. chim., 1897, [hi], 17, 204) a barium salt (-|- 2H,0) and 
also a calcium derivative (+ IH^O) (Compl. rend., 1897, 124, lujoi 
but no investigator seems to bavc described the strontium salt 
It has now been obtained along with its hydrate (+ 6H.,0), an) 
i.s much more soluble than the mononitro-compound and is orannf 
in colour. 

Passing to the second vertical series of group II, the colours 
change from brilliant orange in the magnesium dinitrotolyloxidr, 
through orange-yellow of the zinc salt to brilliant yellow iu i|i(, 
cadmium .salt. This points to the colour change being due tu 
the metal itself, and not to any acquisition of a quinonoid stnicturf. 
The following hydratc.s and their anhydrous derivatives have 
now been obtained: magnesium dinitro-o-tolyloxidc (-f3H„0) 
the zinc and cadmium salts containing (-|-2HjO) and (-i-CH,A}| 
respectively. Their solubility in organic solvents inorcasevs with 
increasing molecular weight. The solubilities of all coinponiuls 
have been tested in alcohol, ether, acetone, chloroform, caihuii 
tetrachloride, toluene, light petroleum, elhyl acetate, and pyiidiiij. 

E P E R I M E N T A L, 

Derivatives of S-Niiro-o-cre-iol. — C'],ni20,;N2Ba,2H„0, bright red 
needles, which darken in toluene, carbon tetrachloride, or chloiii- 
form [Pound : N = 5-88 (o-84)* ; Ba = 28-70 (28-72) ; H,0 =- '-Id 
(7-o4) per cent.]. CjjHjjOgX^Ba, deep red [Found: IN' = {i-lld 
{(i-33); Ba = 31-10 (31-07) "per cent.]. CuHijOgNhSi-.SH.O, 
orange-red needles, which become deep red in pyridine, or alci!!n! 
and darken in acetone or ethyl acetate [Found : Sr — 20-93 : 

HjO==8-47 (8-41) per cent,]. CnHj./ljNvSr. hrownish-i'ed 

[Pound : Sr = 22-87 (22-33) per cent.]. Ci^HjjOuNjCa-.dHd), 
slender, orange-yellow needles becoming red in chloroform, carho:i 
tetrachloride, or toluene [P’ound : N = 7-21 (7-36); Ca ^ lO -J- 
(10-52) ; H^O 9-54 (9-46) per cent.]. Cj 4 Hi 305 N 2 Ca, I'fd 
[Found : N 1 7-97 (8-12) ; Ca ^ 11-09 (11-02) per cent.]. 

Derivatives of i-Nilro-ra-cresol. — Cj4Hj208N2Ba,lH20, red needlfe 
* The figures in Iho brackets denote the theoretical percentages. 
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N = 6’08 (6-08); Ba = 29-7] (29-85); H^O = 3-82 
js.g]) per cent.]. deeper red [Found : N = 6-33 

(lv33); Ba-= 30-89 (31-07) per cent.]. Ci 4 Hi 205 N 2 Sr, 4 H 20 , 
diiiiin'’' rliomboidal, orange plates, becoming red in carbon tetra- 
chloride or chloroform [Found : Sr = 19-20 (18-80) ; H^O = r.5-63 
(l.-j.jl) per cent,]. Ci 4 Hj 20 r,N 2 Sr, dark red [Found : Sr = 22-70 
( 22 - 33 ) per cent.]. CnHjjO^NjCa.SHjO, golden-yellow nccdlc.s 
darlicning in toluene or ethyl acetate [Found; N = 7-04 (7-02); 
cr= 10-83(10-04); HjO = 12-76 (13-55) per cent.]. CuHijOcNjCa, 
deep yellow [Found ; N = 8-07 (8-12) per cent.]. 

pale orange [Found: Mg =. 6-03 (6-06); 1120 = 17-84 (17-96) 
pier cent.]) CnHcjOaN^Mg, pale orange [Found : ilg = 7-33 
(-■41) per cent.]. 

yif-rii-Hlii'cs of d-Niiro-m-cresol. — Cj 4 Hj 20 aXoBa, 6 H. 20 , bright 
yellow plates, which become deep yellow in carbon (elrachloridc, 
fhlorotorm, or light petroleum [Found: N = 4-93 (4-92); 
Ba = 24-97 (24-12) ; HjO = 19-78 (22-49) per cent.]. 

C„n,aOaNaBa, 

golden-yellow [Found: N = 6-14 (6-33); Ba -= 31-10 (31-07) 
per cent.]. CijHjjOjNjSr, bright yellow granules [Found : 
Sr = 22-28 (22-.33) per cent.]. C, 4 H, 26 aN 2 Ca, 2 H 20 , liright yellow 
granules, winch become deep yellow in toluene [Found : Ca = 10-40 
(10-.'i2) ; HjO = 9-64 (9-46) per cent.]. C'ljHjjOuXjCa, deep 
yellow [Found : Ca = 11-50 (11-62) per cent.]. 

Derivatives of i-Niiro-p-cresol. — Ci 4 Hi 40 j\ 2 Ba, red shining plates 
[Found: N = 6-34 (6-33); Ba = 31-27 (31-07) jier cent,]. 
t'jjHj 205 N' 2 Sr, 4 H,, 0 , scarlet plates, which become deep red in 
toluene or chloroform and darken in carbon tetrachloride or light 
petroleum [Found: N = 6-12 (6-03); Sr = 19-17 (18-80); 

iljO = 15-21 (15-51) per cenl.]. Cj,Hj., 04 X, 2 Sr, deep red [Found ; 
X ■= 7-39 (7-14) ; Sr = 22-61 (22-33) per cent.]. 

C,jH,„Of,X 2 Ca, 111 , 0 , 

slender, orange-yellow needles, becoming yellow- in chloroform and 
red in toluene [Found: X — 7-79 (7-72); Ca= 11-07 (11-04); 
11,0 = 4-64 (4-97) jrcr cent.]. CjjHjjOgXjCa, red [Found : 
X - 8-16 ( 8 - 12 ) ; Ca = 11-61 (11-62) jocr cent.]. 

0iiH,.2OgX,Mg,3H2O, 

’ r.t, orange needle."!, which become red in toluene [Found : X = 7-23 
(7-32); Mg = 0-77 (6-35); H.,0 = 14-08 (14-07) per cent,]. 

bi,Hi,OjX,Mg, red [Found: X = 8-42 (8-51); Mg =- 7-39 (7-41) 
1 >« cent.]. 

iknratives of Dinilro-o-cresol. — CjjHjgOmXiSr.OIIjO, brilliant 
jellow needles, becoming ora,nge in ether or chloroform and darken- 
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ing in toluene [Found: N = 9-56 (949); Sr = 14-67 (14-84) ■ 
HjO = 17-82 (18-31) per cent.]. C„Hi(|Oi|,NiSr, deep oranp- 
[Found ; N - 11-70 (11-61) ; Sr = 17-90 (18-17) per cent.]. 

Cj4H,„0,„N,Mg,3H20, 

golden-yellow nccdlc.s, becoming orange in carbon tetrachloride 
or toluene [Found : Mg = 5-11 (5-14); H^O = 11-65 (11-42) per 
cent.]. Ci 4 HjoOj„N 4 Mg, brilliant orange [Found: Mg = 5-7,:i 
(5-81) per cent.]. 0i4Hi„0i„N4Zn,2H20, orange-yellow granules 
[Found: N = 11-42 (11-29); Zn = 13-55 (13-17); H^O = 7-29 
(7-2G) per cent.]. Ci,Hj„Oi„N 4 Zn, orange-yellow [Found: 
N = 12-30 (12-18) ; Zn = 14-60 (14-21) per cent.]. 

CHH,oOroN4Cd,6H,0, 

brilliant yellow pbates, becoming orange in toluene or clilerofom 
[Found: Cd -= 18-30 (18-27); = 17-82 (17-57) per cent.], 

CiiHi^OigNjOd, orange yellow [Found : Cd = 21-75 (22-16) per 
cent.]. 

The Universitv, 

Edcr-\rton, Birmin'GH.-\m. [ Received , October 


CCXXXyi.—Thfi Reaciion between Persulphate^ uwl 
Silver. 

By Geoffeey Isiierwood Hioson. 

The action of solutions of persulphates on metallic silver ivas 
first noticed by Marshall (J. Soc. Cham. Ini., 1897, 16, 396), vlio 
found that the .silver gradually went into solution and that at 
the same time a black deposit was formed, which he considert-d 
was a peroxide, AgO. The reaction was further investigated t} 
Levi, Migliorini, and Ercolini [Gazze.tM, 1908, 38 , i, 583), vho 
noticed that acid was produced and put forward the equations : 

(1) 2Ag + KjSjOg + HjO AgjO + K^SO, -f HgSOj 

(2) AgjO + H.4SO4 ■ AgjSO, + 

as representing the course of the reaction. The solution niigtit 
thus remain • neutral or become acid, according to the rclatiic 
velocities of the reactions (1) and (2), By the action of persulphates 
upon silver nitrate solution, Marshall (Proc,. Roy, Soc. ifdii! .,11119, 
23, 168) obtained a similar black precipitate, which he considerci 
was the same peroxide, hut Austin (T., 1911, 99 , 262) conclure , 
on account of its high sulphate content, that it was a mixture 
of silver pero.xide and silver persulphate, whilst Tarugi {Ga.zeU», 
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1902, 32, ii, 383) considered it to be the silver salt of Caro’s acid, 
namelyi 

There is some doubt as to the composition of silver peroxides, 
nliich are usually obtained, mixed or combined with salts, as 
anodic deposits in the electrolysis of solutions of silver salts in a 
divided ccli. For example, by the use of silver nitrate solution 
a black, crystalline powder of mctalbc appearance is obtained 
(Ritter, OeUen's neues J., 1804, 3, 561), which, on washing, imme- 
diately commences losing oxygen, silver nitrate being set tree and 
passing into soiution. The undeeomposed crystals have the em- 
pirical formula AgjOjjN (Sule, Zdtsch. anorg. Che.m., 1896, 12, 
89 ; Tanatar, ibid., 1901, 28, 331) and later work has shown that 
they are very probably a double compound corresponding with 
the formula AgN 03 , 2 Ag 304 (Babarovsky and Kuzma, Zeitsch. 
phjsikd. Chm., 1909, 67, 48; Brown, J. Physical Chm., 1916, 
20, 680). Since oxygen is lost during the washing, the original 
peroxide may, however, contain a higher proportion of oxygen; 
on the other hand, from the anodic decomposition curves of both 
nitrate and sulphate solutions, Bose (Zcilsch. anorg. Chan., 1905, 
44, 237) concluded that tlie oxide was AgjOj. 

In opposition to the view that these substances are double 
compounds of a peroxide of silver and ordinary silver salt— the 
peroxides are never obtained pure by this method — Watson (T., 
1906, 89, 578) concluded tliat the black silver deposit AgjO^N 
was a “ peroxynitrate,” that is, a definite compound, since he 
obtained it under varying conditions. He found that, on boiling, 
the dioxide, AgjOj, was formed, and he described the properties 
of this and verified its composition. 

In the course of some experiments on the action of pereulphates 
on the photograjohio negative, it was necessary to investigate the 
action of persulphate on silver, both in the metallic and the 
ionic form, and it has been found that sodium or potassium per- 
sulphate solution converts metallic silver into a peroxide containing 
a greater proportion of oxygen than corresponds with the formula 
whilst the acidity of the solution at the same time increases, 
'llicn a strong (20 per cent.) solution of the sodium salt is used, 
tile peroxide c.an rapidly be obtained in quantity, hut owing to 
tile much smaller solubility of the potassium salt the reaction with 
tills is much slower (for example, eighteen hours) and tlie yield 
much lower, for the peroxide is unstable and decomposes oon- 
tiiraously from the time of its formation. With the ammonium 
no peroxide is formed, but the ammonium radicle is oxidised 
to ihtric acid (compare Marshall and Ingliss, Proc. Roy. Soc. Edin., 
t)-, 24, 88), Wlien tlie reaction is continued for more than about 
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one hour, the product is contaminated with sulphate, which h 
always present to a slight extent. 

It has been found that the same peroxide is produced whe,, 
persulphates react with silver nitrate, again with increase in aciditv 
but in this case the contamination with silver sulphate is greater. 

An explanation of this contamination has been found in the 
catalytic decomposition of persulphates by silver ions, previondv 
noticed by Marshall in the case of the ammonium salt, whereby 
in the case of the sodium and potassium salts the reaction 
SaOf," + HjO — > 2HSO4' + 0 

is immensely accelerated. The HS 04 ^ ions thus formed react con- 
tinuously with silver ions, and as these are present in much greatn 
quantity when silver nitrate is used, the amount of silver sulphatr 
formed is consequently greater in this case. Moreover, the cataljtic 
effect increases with increase of concentration of the silver ions, 
and this again tends to produce more contamination when silver 
nitrate is used in tlie preparation. A possible explanation of fhb 
catalytic effect is the intermediate formation of silver persulphate, 
which then immediately reacts with the water : 

AgijSjOt, + HjO — > Ag2S04 + 2H + 0 + SO,”, 

As might" be expected, it has been found tliat the presence ol 
an oxidisablc substance, such as gelatin, prevents the formation 
of peroxide, whilst it is itself oxidised ; but it does not prcvcnil 
the catalytic decomposition of the persulphate, with formation cl 
acid sulphate. The application of this result to the action cl 
persulphate as a photographic reducer i.s obvious, and will bt 
discussed in another place. 


E X P E E t Jl E N T A I,. 

Preparation of the Peroxide from Sodhim Permlphak. 

Metallic silver was obtained in the finely divided, crvstalfiiic 
form by precipitation from silver nitrate with metallic magncaiim 
(compare Dodgson, Phot. Jour., 1911, 51, 265), The excels oi 
magnesium was removed with dilute sulphuric acid, and the silu'b 
which was of a gir/ colour, and in the form of crystals about 
0-001 mm. in length, thoroughly washed by decantation. .Iboal 
3 grams of this were introduced, wet, into a solution in 100 c.c. 0 
water of 20 grains of sodium persulphate. This was the pureJ 
commercial product, but was considerably contaminated 
sulphate, due to decomposition. It wa.s not purilied--a 
matter — since acid sulphate is rapidly formed again during tr 
reaction. The mixture was then stirred mechanically. It araW' 
immediately darkened and after half an hour the grey s'"' 
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appeared to have been converted into a black powder, whilst at 
the same time the acidity of the mixture increased. It was found 
that the solid consisted of a peroxide, with a considerable amount 
of unconverted silver, which usually persisted after the reaction 
had continued for an hour or more. Since the sulphate content 
rises with increase of time of reaction, the product, when free from 
silver, was contam^ted with silver sulphate. It was washed 
with dilute sulphuric acid and water, and obtained as a black, 
metallic-looking powder, which, after drying on a porous tile over 
calcium chloride, lost ita metaUie appearance and finally resembled 
manganese dioxide. It decomposed continuously from the time, 
of its formation, whether wet or dry, losing oxygen and becoming 
alkaline owing to the formation of silver oxide. 

The substance thus obtained exhibits all the properties of the 
dioxide described by Watson; for example, it gives deeply coloured 
solutions with concentrated nitric acid or concentrated sulphuric 
acid, which decompose with loss of colour, gradually at the ordinary 
temperature, and rapidly on heating. It is, as might be expected, 
a strong oxidising agent; for example, it liberates iodine from 
acidified potassium iodide and converts quinol in acid solution 
into p-benzoquinone. 

The same procedure was carried out in 5 per cent, gelatin solution. 
No peroxide was formed, although the silver gradually dissolved 
and the solution became strongly acid. 


Analysis of the. Product. 

Trom numerous analyses it became evident that the more rapidly 
the product was removed from the filter and analysed, the higher 
was the percentage of the available oxygen. Since a period of a 
few minutes is sufficient substantially to alter tbe amount of oxygen, 
it seems that the analyses by Austin and by Watson (foe. cif.) of 
the dried products are of doubtful value. 

To ascertain, if possible, towards what limit this available oxygen 
tended, experiments were made in which the washing of the product 
was carried out with ice-cold acid and water, in order to retard the 
decomposition. No evolution of gas was apparent under these 
conditions, but the procedure docs not avoid decomposition during 
the formation of the peroxide, which caimot conveniently be 
earned out at 0° owing to tbe slowness of reaction at this temperature. 

the analyses were made according to the method of Babarovsk^ 
hM Kufma (foe. cit.), the product being thrown wet into a known 
fimtity of W/lO-oxalio acid and an excess of 2A^-sulphurio acid, 
w rapidly stirred to promote reaction with the oxalic acid which 

VOL. OXIX. ^ ^ 
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was oxidised to carbon dioxide. Solution was completed by heating 
to boiling and the excess of oxalic acid estimated by titration with 
permanganate. The slight excess of this was then removed by 
oxaUo acid, and after cooling, the silver estimated by Volhard’s 
thiocyanate method. 

Results of Analyses.— 'She ratio is that of atoms of total oxygen 
to atoms of silver, that is, it would be 1 for AgjOa, and 1-33 for 

AgsOj. 


Preparation. 
No. 62 


Time of keeping, 
(days). 

6 


Conditions. 
Exposed to air. 
Kept over CaClj. 

Taken wet from the 
filter. 


Kept over CaCl^. 
Washed at 0® and taken 
wet from the filter, 


These results show that the undecomposed peroxide contain 
more oxygen than corresponds with the formula AgjOj, but on 
no occasion was quite sufacient oxygen obtained to justify the 

formula AgjO^. 

Mechanism of the Reaction, 

The explanation of Levi, MigUorini, and Ercolini, that the increase 
of acidity is due to the formation of sulphuric acid and undissohed 
silver oxide simultaneously, is obviously unsatisfactory, 
acidity must arise from the decomposition of ^“^r duimg 
reaction, the oxygen going to form the silver peroxide, while the 
hydrogen gives acid sulphate : 

S^Og" + HgO 2HS0i' + 0. 

It should therefore be possible to trace the course rf the reaction 
by determining the ratio between the 

qLntity of silver converted into peroxide. , Unfo^un^/; Jg 

I invariably evolved during the 

position of peroxide already formed, or direct y 

Ltween the persulphate and water, usd®. 

be shown below, catalysed by silver and ^ the 

If the peroxide has the formula AggOi, the reaction 

3Ag + dSgOg" + 4HgO — ^ AggO, + 8 HSO 4 ' 
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and the increase of acidity is considerable in comparison with the 
silver dissolved. 

When an oxidisahle substance is present, the peroxide apparently 
reacts with this at once, for the silver goes into solution without 
any production of black peroxide, as may easily be demonstrated 
by mixing the persulphate solution with a gelatin .solution containing 
colloidal silver. 

This requires a reaction of the form 
2Ag30j + SHSOj' - > 6Ag' + 2HSO4' + 6SO4" SH^O 

+ 3() (Uiifid ii! oiidatioii) 

and therefore the complete reaction for the solution of silver in 
persulphate when an oxidisable substance is present must be of 
the form 

6Ag + SSjOj" + SHjO - ■> 6Ag‘ + 6.SO4" + IOHSO4' + 50, 

a reaction considerably more complex than any that has been 
previously proposed, and further complicated by the fact that 
the persulphate ion alone may react directly with the water. 

Preparalion of the. Peroxide from Siher Mlrate.. 

.Sodium persulphate, although invariably contaminated with 
aeid sulphate, gave much better results than the sliglitly soluble 
potassium salt used by Austin, since the more dilute solutions 
favoured decomposition. 

Ten grams of silver nitrate dissolved in 10 c.c. of w'ater, and 
8 giams of sodium persulphate in 60 c.c. of water, were cooled to 
0”, and the solutions rapidly mixed, the mixture being kept cold in 
ice. There was an immediate, grey precipitate formed, which was 
collected at once in a Gooch crucible, and on analysis was found 
to consist of almost pure silver sulphate containing only a slight 
trace of available oxygen. The filtrate, on keeping at 0°, com- 
menced to throw down a black precipitate in less than five minutes ; 
after fifteen minutes the precipitation appeared to be complete^ 
and the poduct was collected, washed with icc-cold water, and 
analysed immediately. It was found to contain a large percentage 
0 sulphate, but otherwise exhibited all the reactions of the 
peroxide, and appeared to be a mixture of silver peroxide and 
silver sulphate. 

Analysis of ike Product. 

The analysis was carried out on two separate portions. In one 
available oxygen to silver was obtained as 
ed above, and in the other portion the ratio of sulphate to 

4 a2 
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silver was determined by decomposing the product with hydro, 
chloric acid, removing the silver as chloride, and estimating the 
sulphate in the filtrate as barium sulphate. From these two 
ratios it is possible to calculate the value of x when the formula 
is expressed as Ag2S0j,{Ag0.r)n> that is, the formula of the admixed 
peroxide. 

Preparation No. 79. — ^The peroxide-sulphate mixture was pro. 
pared at 0° as described above, and washed four times with water 
at 0°. Two determinations were made of the ratio of available 
oxygen to silver, the mean being taken, and one of sulphate to 
silver. Formula calculated ; AgjSOj.lAgOi-jjsli.esj, that is, the 
product is a mixture of 1 part of silver sulphate with 1-654 parts 
of a peroxide containing slightly less oxygen than corresponds 
with the formula Ag304. 

A similar determination of another preparation gave the result 
AgjS04,(Ag0i.2j,)j.59, and there seems to be little doubt that the 
precipitate is a mixture of peroxide and sulphate. 


Catalysis by Silver Ions of the Decomposition of Persulphales. 

From experiments with mixtures of solutions of silver nitrate 
and of neutral sodium or potassium persulphate it was found 
that the acidity increased continuously from the time of miaiig. 
It was therefore obvious that the decomposition of pcrsulphates 
in solution, namely. S^O," + H^O -> 2HSO4' -I- 0. is catalysed 
by the silver ions, since this decomposition takes place only very 
slowly at the ordinary temperature rvith neutral solutions (Green 
and Masson. T.. 1910, 97 , 2083). The extent of this catalysis was 
determined for potassium persulphate, which is the most con. 
venient salt to obtain pure. 

A A/20-solution of potassium persulphate, with additions ol 
silver nitrate, was maintained at 18» and estimations made of the 
acidity of portions removed at known intervals after the addition 
of the silver. To render the acidimetry possible without formation 
of silver oxide, the solution to be tested was run into an amount 
of sodium chloride so.ution rather greater than that necessary 0 
convert all the silver into silver chloride. 

Since the reaction can be only approximately monomoec 
owing to the side reaction with the silver, the values 0 

- log, — ® — = k, the velocity constant, were found to be somewhat 
i a-x ^ o-ui em- 

irregular, but when the formula k = a - x 

ployed, where t^ was about five minutes, the constancy was reason 
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ably good, errors due to the side reaction being eliminated, as the 
following results for Al/250-concentration of silver nitrate indicate. 
Temperature 18°; a, the original concentration of persulphate 
expressed as c.c. of standard alkali, is 24-25. 


A 

:—c.c. of ^kali required 

, 1 , O -0-2 

t in mins. 

for neutralisation. 

2 

005 



6 

0-2 



11 

0*3 

0-0008 

30 

0-8 

0*0010 

GO 

1-3 

0*00086 

90 

1*7 

0*00077 

150 

2-4 

0*00066 

195 

3-05 

0-00067 

Jfean 0 00079 

The results of 

this and similar experiments are as follows : 

Temperature 18°. Concentration of potassium persulphate = iV/20. 
c -- concentration of silver nitrate. 

c. 

Jc. 

k/c. 

N/250 

0- OOOT 9 

0*20 

y/loo 

0*0021 

0*21 

N/dO 

0*00375 

0*19 


These results show that the catalysed decomposition of the per- 
sulphate is an approximately monomolecular reaction, and that 
the velocity of decomposition is approximately proportional to the 
concentration of the silver ion. 


The author desires to express his thanks to Dr. Slater Price for 
the interest he has taken in this work, and for his valuable advice 
and criticism. 

The Bmiisit PiiOTOOEAraio Eese.ircii 

AssoriATioN T.aboratory. [Rtxeic&], October 20th, 1921.] 


CCXXXVII . — Siniclure and Colour of the Azine 
Scarlets. 

By Julius Bekend Cohen and Hebbebt Grace Ceabteee, 

Is connexion with an inquiry into the antiseptic action of certain 
d.vestuffs undertaken for the Medical Kesearch Council, it was found 
necessary to examine specimens of Azine Scarlets which rc.sem'ble 
in structure the yellow dye acriflavine, well known as an antiseptic. 
In Green’s edition of “ Organic Colouring Matters ” by Schultz and 
dnlma (1£K34) it is stated on p. 228, under No. 582, that Azine 
Scarlet G (the only one mentioned) is obtained by the action of 
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nitrosodimethylaniline on m-aminodimethyl-^-toluidine, and hag 
the following formula (I) : 


N 

/\/\/\ 


N 

/\ 

Me Cl 


/' 


MojN! 


/\ 


Me 

NHj,HC1 


N 


Azine Scarlet G. 
(According to S. and J.) 

(I.) 


Tolnylene Red, 

(n.) 


According to this formula, Azine Scarlet G appears as the metho. 
chloride of Toluylene Red (11). 

If, however, the preparation is carried out according to the 
directions given under a patent by Meister, Lucius, & Briining, Ko, 
69188, or if Toluylene Bed is converted into the methochloride 
the same colouring matter is apparently formed; but instead of 
the scarlet dye known commercially as Azine Scarlet G, a substance 
is produced in both cases which has a bright magenta colour. 

In the patent literature on the subject there are several methods 
given for preparing scarlet dyes of the phenazine group. Thus, 
Fricdlander (“ Fortschritte der Teerfarbenfabrikation,” Vol. IV, p, 
376) mentions a patent. No. 80758 by Meister, Lucius, & Brimiiig 
" for preparing red basic azine dyes ” from nitroso-mono- or 
•di-methyl-o-toluidine, nitroso-mono- or -di-ethyl-o-toluidine, and 
m-aminodimethyl-p-toluidinc, and in the same volume (p, 380) 
there is a further patent. No. 86608, by the Farbwerke Muhlheim, 
“ for preparing scarlet dyes of the safranine group ” hy heating 
p-aminoazo-compounds with o-aminodimethyl-p-toluidine. .1 
number of these compounds have now been prepared, from wMtk 
it appears that the substitution of methyl and other radicles for 
hydrogen in the amino-group produces a change of tint from scarlet 
to magenta — in other words, the introduction of the hearier 
auxochrome group causes a displacement of tint towards the hire 
end of the spectrum. 

Thus, the follorving series of aminophenazine salts of the metho- 
chlorides have a scarlet colour : 


N 


Me 

H^N 


/\/\/\ 

1111 

\/\/\/ 

N 

/\ 


NHj 


Me a 
(HI.) 


N 


Me/\/W'‘^ 



Me Cl 
(IV.) 
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/\ 

/\ 

1 1 N 

1 1 N 




N 

/\ 

/\ 

Me a 

Me Cl 

(V.) 

(VI.) 

The following have a bluer tint intermediate between scarlet and 

magenta : 


N 

N 

MeNHy^yNH, 

Me/yY^M® 

'"■''"xY/’™' 

/\ 

/\ 

Me Cl 

Me Cl 

(VII.) 

(VIII.) 


N 

C,H,-NHyL 1 InH, 


N 


/\ 


Me Cl 


(IX.) 

Whereas the following three 
bluish-red tint, 

compound.s have a magenta or 

N 

N 


/\/\/\ 

Me,Nyi^MNMe, 

/\ 

/\ 

Me Cl 

Me Cl 

(X.) 

;xi ) 

CH, 

N 

H,C(^yyy\Me 

R pi 1 1 Inh 

NMe 

N 


/\ 

Me Cl 

(XII.) 

Piirther examples of the shifting of tint towards the blue by the 
introduction of heavier radicles into the amino-group are illustrated 
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by the dye described under D.R.-P. 89659 by Meister, Lucius^ 
& Briining (Friedlander, oj). cit., Vol. IV, p. 379), which has 
probably the following formula (XIII) ; it dissolves in water with 



(Xin.) 


(XIV.) 


a bluish- violet and in alcohol with a reddish- violet colour; and 
by the dyestuff (XIV) described in D.R.-P. 85231 (Friedlilnder, 
op. cit., Vol. IV, p. 377), which dissolves with a violet colour. 

The same shifting of tint towards the blue is observed in ros- 
aniline and in its methyl and phenyl derivatives, which show a similar 
gradation from magenta to violet and blue by the introduction of 
heavier radicles into the amino-group. 


Experimental. 


Z- Amino-1 ■dimdhylamino-2-methylphemzine Methoclhride. 

The colouring matter described in Green’s edition of “ Organic 
Colouring JIatters ” by Schultz and Julius (1904) as Azine Scarlet 
G (formula X) has been prepared by three methods. (1) One 
method (given bv Schultz and Julius) is that described in D.R.-P. 
69188 (Friedlander. op. cit., Vol. Ill, p. 397) by the action ol 
nitrosodiraethylaniUne upon 2-aminodimethyl-p-toluidine according 
to the reaction : 



[Indamine,) 


It will be seen that in passing from the indamine to the final stage 
a methyl group is eliminated from the dimethylamino-group. 

The 2 -aminodimethyl-p-toluidine was obtained by the nitration 
of dimethyl-p-toluidine and subsequent reduction with stannous 
chloride and hydrochloric acid. The latter, ^recrystallised from 
light petroleum, formed large prisms, m. p. 55°. 

Fifteen parts of the base were dissolved in 100 parts of 5U pe 
cent, acetic acid, and 18-6 parts of p-nitrosodimethylaniUne 
chloride added. A transient green coloration due to the 
of the intermediate indamine was immediately succeeded, on ws 
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ing on th© water-bath, by a deep blue, which changed to magenta 
after two or three hours’ heating. The whole was diluted with 
200 parts of water, filtered hot, and the colouring matter precipi- 
tated with sodium chloride and zinc chloride. 

(2) The second method consisted in converting Toluylene-red 
into the methochloride. The red dye was prepared according to 
Witt s method (Her., 1879, 12, 931) by mixing 3'6 grams of p- 
iiitrosodimethylaniline hydrochloride with 2-4 grams of m-tolylene- 
diamine, each dissolved in 50 c.c. of water at 30°, and aUomng the 
mixture to stand over-night. The dark green indamine was filtered, 
pressed, dissolved in 1 00 c.c. of water, and boiled for three hour.s, 
when a drop on filter-paper gave only a faint blue rim. The 
solution was filtered and the dye salted out. When reorystallised 
from alcohol, it formed a brown, raicrocrystalline powder. 

The colouring matter was aoetylated by heating 5 grams with 
15—20 grams of acetic anhydride and 2—3 grams of fused sodium 
acetate ; having been poured into water, the acetyl derivative was 
precipitated with sodium hydi'oxide, filtered, and crystallised from 
alcohol. It formed brown plates. Two grains of the acetyl deriv- 
ative were dissolved in 5 grams of nitrobenzene healed at 170° 
and 0-9 gram of methyl sulphate was added. The heating was 
continued for a minute and the product cooled. The browmish- 
black solid which separated was filtered, washed with ether, 
dried, and boiled with 10 c.c. of concentrated liydrochloric acid 
for half an hour. A deep blue solution wa,s formed, whicli was 
poured into water, when the colour changed to bright magenta. 
The methoohloride was salted out and formed a semi-solid, irides- 
cent, green mass, which after drying became hard and when 
crystallised from a mixture of benzene and alcohol formed a mioro- 
rrystalline powder vrith a dark green lustre (Found : N = 17-0. 
''isS 2 o^ 4 Cl 2 requires Jf = 16-5 per cent.). 

The products obtained by the two methods gave identical colour 
■cactions with alkali.s and acids, as described in the patent (he. cit.). 

According to tiie first method, the change from indamine to the 
mal stage takes place with the elimination of a methyl group from 
lie dimethylamino-group. 

(3) 111 order to obtain further evidence on this point, a third 
nethod was adopted for preparing the colouring matter, namely, 
rom nitrosodimethylaniline liydrochloride and the 2-aminomono- 
acthyl-j)-toIuidine, in which case hydrogen would be eliminated 
» place of a methyl group. Monomethyl-p-toluidiiie was prepared 
’y Dllmanu’s method (Annakn, 1903, 327, 165). One huudi-ed 
ud thirty grams of p-toluidine were dissolved in 180 c.c. of ether 
® a flask provided with a reflux condenser, and 99 grams of methyl 
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sulphate were run in during ten minutes. Heat was developej 
and the flask was cooled with water. The methosulphate 
CH 3 -C 5 H^-NH(CH 3 ),CH 3 -HS 04 , rapidly formed and in a short time 
the contents of the flask became nearly solid. Water was added 
the ether layer separated, and the aqueous layer further extracted 
The ether was removed without dehydrating and the crude base 
purified by conversion into the nitroso-derivative and subsequent 
reduction. The crude base was dissolved in 150 c.c. of concen- 
trated hydrochloric acid and 500 c.c. of water, cooled to 0— 5» 
and a solution of 45 grams of sodium nitrite slowly run in. A 
nearly colourless nitrosomethyl-p-toluidine separated and was 
filtered, washed with water, and dried on a porous plate. The 
product (42 grama ; m. p. 53°) was dissolved in a minimum quantity 
of alcohol and a solution of 130 grams of stannous chloride iii 
200 0 . 0 . of concentrated hydrochloric acid added gradually with 
shaking. After heating on the water-bath for half an hour, the 
whole was made alkaline and distilled in steam. Sodium chloride 
was added to the distillate and the base extracted with ether. The 
ether solution was dehydrated over potassium hydroxide and the 
ether removed. The residue distilled at 200°. The yield was 
16 grams, or 48 per cent, of the theoretical. The nitration of the 
base was carried out as described by Pinnow {Ber., 1895, 28, 3040). 
The yield was theoretical. The substance crystallises in large, ted 
prisms, m. p. 59°. The reduction was effected with stannous chloride. 
Thirty-one grams of stannous chloride were dissolved in 50 c.c. 
of concentrated hydrochloric acid and 5 grams of the nitro-base 
added slowly. Rapid reduction and decolorisation of the substance 
took place, after which the mixture was heated for half an hour 
on the water-bath. The solution was then made alkaline and the 
base extracted with ether. The ether extract was dehydrated and 
the ether removed. The 2-aminomonomethyl-p-toluidine remamed 
as a pale brown oil, which was used without further purification. 
A mixture of 3-4 grams of the base, 4-6 grams of p-nitrosodimethyl- 
aniline hydrochloride, and 25 grams of 50 per cent, acetic acid 
was heated on the water-bath for three hours until a sample diluted 
with water and dropped on filter-paper gave only the faintest 
suggestion of blue on the rim of the spot. It was then diluted, 
filtered, and the colouring matter salted out with sodium and anc 
chlorides. The product appeared to be identical in every respect 
with those prepared by the two previous methods. 

Z-Amino-l-dimethylamiHO-'l : S-dimdhylphmazine Methochhriie- 

The p-dimethylamino-o-toluidine required was obtained bj 
coupling dimethyl-o-toluidine with diazotised sulphanilic acid, * 
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process which is effected exactly as in the preparation of methyl- 
orange, except that the operation is conducted at room temperature. 
Piinethyl-o-toluidinfi (1 mol.) is exactly neutralised with hydrochloric 
acid diluted with about four times its weight of water. Sulph- 
anilic acid (1 mol.) is dissolved in an equivalent of sodium carbonate 
solution (15 parts of water to 1 part of sulphanilic acid), and sodium 
nitrite (1 mol.) dissolved in water added, the whole being acidified 
with hydrochloric acid (2-1 mols.). The hydrochloride of the base 
in solution having been added to the diazo-aolution, the mixture 
is made slightly alkaline with a few c.c. of sodium hydroxide 
solution and stirred for four hours, when the colouring matter is 
thrown down in orange leaflets. It is filtered, washed with con- 
centrated brine, and (hied at 50°. It was reduced by adding to 
the substance dissolved in an excess of boiling hydrochloric acid 
zinc dust until completely decolorised. It was then cooled, filtered, 
neutrahsed with sodium hydroxide, and the base extracted with 
ether. The ether extract was dehydrated with potassium hydroxide 
and the ether removed. A pale brown oil remained which soon 
solidified, and was used without further purification. The same 
substance is described by Bernthsen (Ber., 1892, 25, 3128), who 
obtained it by nitrating o-toluidine, methylating the product, 
and finally reducing the nitro-group, but the above method 
was found to be much more convenient and more easily carried 
out. 

kSixteen parts of p-dimcthylamino-o-toluidine and 15 parts of 
(i-dimethylamino-m-toluidine were dissolved in 300 parts of water, 
20 parts of concentrated hydrochloric acid, and 30 parts of 50 per 
cent, acetic acid, and cooled to 10° with stirring. Thirty parts of 
sodium dichromate in 400 part.s of water were run in during three 
hours. A bluish-red coloration developed immediately and became 
more intense as the oxidising agent was added. The mixture was 
finally warmed on the water-bath for an hour, filtered, and salted 
out with zinc chloride and sodium chloride. The product was 
purified by solution in water, filtration, and reprecipitation with 
salt solution. It could not be recrystalli-scd from alcohol or dilute 
hydrochloric acid. The substance, by analogy with the formation 
of tetramethyldiaminophenazine (p. 2064), has the following 
structure : 


N 

Me-^ \<;^\/\Me 

(.XV.) 

N 

/\ 

Me Cl 

4 A 2* 
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It dissolves in water with a magenta colour similar to that of 
Toluylene-red methochloride. 

Attempts to prepare 

N N 

and 


by condensing by the above reaction the p-diaraine with m-pheny|. 
ene- and m-tolylenc-diamine were unsuccessful. With tolyhne. 
diamine, a dark brown coloration rapidly developed and assumed 
a dirty red colour at a later stage, a mass of sticky, dark brmvii 
crystals being deposited, which could not be purified. 

5-Ammomphlhap}tauizim T -Methochloride (Formula V). 

This substance was prepared according to the method described 
by 0. Fischer and Hepp (Her., 1890, 23, 845) by heating in a sealed 
tube for five to six hours at 160° o-phcnyicnediainine (1 mol.) and 
beuzeneazo-»-naphthylamine hydrochloride (1 mol.) with 10 parts 
of alcohol. On cooling, dark red crystals separated. They were 
filtered and crystallised from alcohol containing hydrochloric acid, 
The substance obtained in this way is the hydrochloride of amino- 
naphthaphenaziue. It forms dark red crystals which are slightly 
soluble in water, but on heating arc hydrolysed and the base is 
precipitated. The acetyl derivative was obtained by heating the 
base with acetic anhydride and fused sodium acetate. On cooling, 
the acetyl derivative crystallised. It was heated at 160° with ten 
to twenty times its weight of nitrobenzene and the equivalent of 
1 molecule of methyl sulphate added. On standing, crystals of the 
methosulphate separated. They were filtered, washed rvith ether, 
and heated rvith concentrated hydrochloric acid, when the metlio- 
chloride slowly crystallised in dull red, microscopic crystals. The 
substance dissolves in water with a bright scarlet colour like the 
hydrochloride, Cj,Hj 4 N 3 Cl,HCl, hut is not so readily hydrolysed 
as the latter. 

d-Amino-ii-dimeAylamiHo-l(i-meth>jlnaphthaphemzine 
Hydrochloride. . 

The 4-nitrosodimethyl-ix-naphthylamine hydrochloride required 
in this preparation is described by Frieiilander and Welmans {Ber. 
1888, 21, 3123). The reaction goes smoothly and the yields of 
both base and nitroso-derivative arc nearly theoretical. The Istkr 
is less soluble than the corresponding nitrosodimethylanilinc, and 




Me,N! 




\/%/\/ 

N 


NH, 


Me; 

Me,Nl 


rrA 

\/\/\/ 

N 


,Me 

;NH, 
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therefore it is difficult to isolate the intermediate indaminc in 
aqueous solution. 2-3 Grams of nitrosodimethylnaphthylamine 
hydrochloride were dissolved in 20 c.c. of hot glacial acetic acid, 
to the solution 1-2 grams of m-tolylenediamino dissolved in 20 c.c. 
of 50 per cent, acetic acid and 1 c.c. of concentrated hydrochloric 
acid were added, and the mixture was heated on the water-bath for 
four hours. A magenta colour developed rapidly, losing its blue 
tint on continuous heating and becoming more crimson in shade. 
The solution was finally boiled, diluted with 100 c.c. of water, 
filtered, and the hydrochloride of the dye precipitated with brine. 
It was purified by rcdissolving it in water and reprecipitating with 
brine. A considerable amount of by-product was formed during 
the reaction, which was still more noticeable when m-phenylcne- 
diamine was used in place of the tolylenediamine. The colouring 
matter prepared as described is not very soluble in water, but 
dissolves in alcohol ft forms a black, shining powder which 
dissolves in water with a magenta colour similar to that of Toluylene- 
red methochloride. It has probably the following formula : 



%-Amtno-5-dimetht/Uimino-lQ-mf.lhylnaphthaphemzine Methochhride.. 


The process was conducted as de.scribed above, but the m- tolylene- 
diamine was replaced by p-dimethylamino-o-toluidine, 24 Grams 
of 4-mtrosodimethyl-ii-naphthylamine hydrochloride, dissolved in 
20 c.c. of glacial acetic acid, were added to 1-5 grams of the 
dimethylamino-o-toluidine in 20 c.c. of 50 per cent, acetic acid and 
1 c.c, of concentrated hydrochloric acid. A bright crimson colour 
developed rapidly, and after three hours’ heating on the water-bath 
the dye was separated and purified as in the previous case. The 
hydrochloride of this colouring matter is even less soluble than the 
above hydrochloride, but is readily soluble in alcohol. The formula 
may be represented as follows : 


/ 




NH2,HCI 


(XVII.) 
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i-Amim-'l ■dimethylamirMphenazine Methochhride. 


This compound, which has been described by Karrer (Ber., igjg 
49 , 1643; 1917 , 50 , 420), was prepared in order to compare the 
effect on the colour caused by the absence of methyl groups in the 
nucleus of the two benzene rings. It was obtained by oxidising 
a mixture of dimothyl-p- and -m-phenylenediamine with potassium 
dichromato. The phenazine salt was salted out by zinc and sodium 
chlorides, from which the base was precipitated by the addition 
of sodium hydroxide or ammonia. It dissolves in alcohol and in 
dilute acid with a deep violet colour. 


/\/\/\ 

J I Jnh^hci 


Me Cl 


It is the methochloride of “ Neutral-violet,” which has a simihr 
tint. The absence of methyl groups in the nucleus seems to 
produce an effect similar to that obtained by methylating the 
amino-group, although it is curious that the tetramethyldiamino- 
phenazine about to be described should have a redder tint in spite 
of the absence of methyl groups in the nucleus. 


N 

/\/\/\ 

3 ; 1 -Tetramethyldiaminopluimzine,, xj. \t1 I 1 k™ 

AlCglN 

N 

This substance is described by Karrer (Ber., 1916, 49, 1643) as 
being formed by oxidising a mixture of dimethyl-p-phenylciiediamine 
and dimethyl-m-phenylenediamine with potassium dichromate 
solution in presence of hydrochloric acid. The process was carried 
out as described and the phenazine compound separated in the form 
of the hydriodide, from which the base was precipitated by ammonia, 
filtered, washed, and extracted with alcohol. The residue was 
dissolved in dilute hydrochloric acid and the hydrochloride 
evaporated to dryness in a vacuum desiccator. The metho- 
chloride was prepared in the usual way (see p. 2059) by the action 
of methyl sulphate on the acetylated base dissolved in nitrohenzene 
and subsequent hydrolysis with concentrated hydrochloric acid. 
The colour of the methochloride dissolved in water, which closely 
resembles that of the hydrochloride (as is usually the case), is a 
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violet-red, as described by Karrer. According to Karrer, the base 
has the formula given above. 

Bamberger {Antiakn, 1890, 257, 1) has shown that A'-methyl- 
tftrahydroquinoline (kairoline) has properties clo.sely resembling 
those of dimethylaniline, and, like the latter, yields a nitroso- 
(Jerivative. It seemed an interesting point to determine whether 
an azine colouring matter is produced in the same way as Toluylene- 
red methochloride and also to examine the colour of the product. 


3-Amino-2-'methyl-}^-imthylletrahydroquinolincphemzinp. 

Methochloride (Formula XII). 

The tetrahydroquinoline and its JV- methyl derivative were 
prepared by the method of Hoffmann and Konigs {Ber., 1883, IG, 
728) and the latter was converted into the nitroso-compound 
(Konigs and Freer, Ber., 1885, 18 , 2388). A mixture of 2-6 grams 
of nitroso-X-methyltetrahydroquinoline, 1-5 grams of p-dimethyl- 
aniino-o-toluidine, 15 c.c. of glacial acetic acid, and 2 c.c. of concen- 
trated hydrochloric acid was warmed gently on the water-bath. 
Heat was developed and the liquid acquired a brilliant green colour 
which rapidly changed through brownish-black, dull scarlet, to 
magenta. The heating was continued for three to four hours, 
when the product was dissolved in 50 c.c. of hot water, filtered, 
and the colouring matter precipitated with zinc chloride and brine. 
It formed a green, iridescent mass, which was at first sticky, but 
rapidly hardened. The substance dissolves in water with a magenta 
colour similar to that of Toluylenc-red methochloride. It has the 
formula Ci8HjiN,CI,HCl (Found : N = 14-5. CseH^jNgCliZn re- 
quires N = 14-1 per cent.). Attempts to prepare colouring matters 
from the nitroso-X-methyltctrahydroquinoline and m-phenylene- 
diamine and tolylenediamiiie were unsuccessful. The reaction in 
both cases was very violent and resulted in the formation of 
insoluble substances, whereas when more dilute acid rvas used, no 
colouring matter seemed to be forineil. 

For purposes of comparison, the following three substances were 
prepared. They are mentioned by Friedlander {op. cit., Vol. Ill, 
p. 397) as possessing a redder shade than the preceding compounds. 

^■Amirm-l-methylamino-2-melhylplK.nazine Methochloride 
(Formula VII). 

The substance was prepared from nitrosomonomethylaniline 
lij’drochloride and o-aminodimethyl-p-toluidine dissolved in 
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alcohol according to the quantities given in D.R.-P. 80768 (lYj^ 
lander, op. cit., Vol. IV, p. 376). The mixture was boiled for gjj 
hours. The scarlet colour developed in a few minutes and rapiijy 
intensified until a precipitate began to form, when the liquid wjj 
somewhat concentrated and cooled. The precipitate was filtejej 
and washed with a httle alcohol. The phenazine compound 
CjjHjjN^CbHCl, consists of a green, crystalline powder whici 
dissolves in rvater with a redder shade than the preceding coic 
pounds, and at the same time a more magenta shade than the 
scarlet dyes about to be described. 


S-Amino-l ■mi’thyh.mi’no-2 : &-dimelhylphenazine Methochhriie 
(Formula VIII). 

The methyl-o-toluidine employed in the reaction was obtained by 
the usual method, namely, by heating together at 200—220° for 
eight hours o-toluidine, methyl alcohol, and hydrochloric acid. 
The crude base was purified by conversion into the nitrosoamme. 
Twenty grams were dissolved in 24 c.c. of concentrated hydrochloric 
acid and 60 c.c. of water, cooled to 0 — 5°, and 5 grams of sodium 
nitrite in 15 o.o. of water added slowly with stirring. A pale 
orange oil separated, and was extracted with ether. It yielded 
10 grams of the nitrosoamine. A portion of this was reduced nith 
stannous chloride and gave 4 grams of the pure base, b. p. 206- 
208°. 

Another portion of the nitrosoamine in ether solution was heated 
(0. Fischer and Hepp, Ber., 1886, 19, 2991) with alcoholic hydrogen 
chloride on the water-bath and boiled gently under reflux. .4 
white, crystalline deposit slowly formed and after about an hom 
the precipitation was complete. The crystalline precipitate ™ 
filtered and dried. The mother-liquor yielded a further quantity 
on dilution with ether. 

The colouring matter was prepared in the manner described 
above by boiling together on the water-bath m-aminodimethyl-ii- 
toluidine in alcohol rvith nitrosomonomethyl-o-toluidine hydro- 
chloride and hydroci loric acid. The yellowish-red colour which 
first developed mtensified rapidly to a much redder shade with no 
trace of blue, but not so yellow as Azine Scarlet G. The colouring 
matter partly precipitated in the boiling liquid and was separated 
by concentration, cooling, filtering, and washing with ether, fhe 
compound forms a powder which dissolves in water with a red 
colour, and has probably the formula Cj 5 Hj 9 N 4 Cl,HCI. 
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^.Amino-'l-benztjlamim-2 : S-dirmthylphenazine MethocMaridc, 
(Formula IX). 

The benzyl-o-toluidine was prepared in accordance -svith Fleischer’s 
method (Annalen, 1866, 138 , 228) by heating together at 160° for 
two hours benzyl chloride (1 mol.) and o-toluidine (2 mols.), It 
boiled at 220°/l 6 mm. The distillate at once solidified to a colour- 
less mass, m. p. 56—57°. The nitrosoamine described by Kohler 
{Annalen, 1887, 241 , 360) rvas prepared by the action of sodium 
nitrite on the base dissolved in dilute sulphuric add, and melted 
at 53°. It was dissolved in 20 c.c. of alcoholic hydrogen chloride, 
and warmed on the water-bath for an hour. The brown nitroso- 
coiiipound which separated on dilution with ether was used in the 
crude state for the preparation of the colouring matter. The 
p-dimethylamino-o-toluidine dissolved in alcohol with the nitroso- 
benzyl-o-toluidine hydrochloride and hydrochloric acid were heated 
together on the water-bath as described in the previous preparation. 
The colour developed, passing from yellowish-red to red with a 
faintly blue tint, but there was no indication of the brilliant red 
of Azine Scarlet G. On concentration and cooling, the colouring 
matter separated, and was filtered and washed with ether. The 
shade in aqueous solution was shghtly bluer than that of the previous 
compound. It has probably the formula 6221123X401,1101. 

The following series consists of a group of scarlet dyestuffs, 
including “ Azine Scarlet G,” some of which arc described under 
D.R.-P. 86608 of the Farbwerke Miihlheim (Fricdlander, op. cit., 
Vol, IV, p. 380). All these compounds contain unsubstituted amino- 
groups. 


3 : T-Diamino-2 : S-dimdhylphcnazine Methmhloride. 

(Azine Scarlet G). 

The quantities given in D.R.-P. 86608 {he., cit.) were heated 
together with stirring at 110°. As the reaction proceeded, much 
frothing occurred, which subsided when the process was complete 
(about three hours). Tire semi-solid, crystalline product was 
dissolved in nearly boiling water, filtered if necessary, and hydro- 
chloric acid added. On cooling, green, iridescent needles separated. 
^ quantity of the colouring matter remained in the mother-liquor. 
Ihe substance dissolves in water with a bright scarlet colour 
(Found : N = 17-5, 17-6. CisHigNA requires X = 17-1 per 
cent.). The formula is therefore 
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COHEN AND CRABTREE : 


N 


Me/W''iMe 


NHj.HCl 


N 

/\ 

Me Cl 

Azine Scarlet O. 


3 : T-DiaminoS-methylpheiiazine 31elhochloride (Formula III), 

The preparation was carried out under similar conditions to the 
above, a proportionate amount of aminoazobenzene hydrochloride 
being used in place of the toluene compound. The final product 
did not crystallise so readily, and required the addition of sodiun 
chloride to assist precipitation. The colouring matter was rcocys. 
tallised from dilute hydrochloric acid and formed green, iridescent 
crystals, which dissolved in water with a scarlet colour sirailai to 
that described previously (Found : N = 18’5. CijHjjNjCl.HCl 
requires N = 18*0 per cent.). 


5 I ^.Diamino-lO-mAhylmpUhaphenazme iMdhxhlwiit 

(Formula VI). 

The preparation was carried out as above, a proportionate amount 
of benzeneazo-«-naphthylamine hydrochloride and one and a hall 
times the amount of glycerol being used and heating at 120" being 
maintained for three and a half hours. Some insoluble matter i™ 
formed, which was filtered from the hot aqueous solution. A btte 
salt and hydrochloric acid were used to precipitate the dye It 
was recrystalUsed from dilute hydrochloric acid, the 
forming green, iridescent crystals. The formula is CisH^NiU.nu. 
In order to compare the colour of the above with aminophemm.t 
in which one or two amino-groups were substituted for hydrogen 
in only one nucleus, 2-aminophenazine and 2 : 3-diaminop enaz 

2.Am^oph4mazine was prepared by the method of 
Lange (Ber., 1910, 43, 2186) by heating o-mtroanilme and amt ^ 
hydrochloride in presence of fused zinc chl<md<i, ^d ak by 
method of Kehrmann and Harras (Be... 19 3, 
products in the two cases appear to be identical. It cry 
teiUiant red needles, m, p. 283“. It was converted into 
derivative, from which the methochloride 1, 

action of methyl sulphate in nitrobenzene solution (p. -o 
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a red, crystalline compound. Both the hydrochloride of 
injinophenazine and the methochloride dissolve in water with a 
(right magenta colour. The absence of a second amino-group in 
he second ring seems to produce a similar effect to methylation of 
he amino-group. 

2 ; S-Diaminophenazine was obtained by the method of Ullmann 
lad Mauther (Ber., 1902, 35, 4302). It was converted into the 
, cetyl derivative and subsequently into the methochloride. The 
ncthochloride crystallises in black needles. Both substances 
Jissolve with an orange or orange-red colour in different solvents. 
Here the presence of a second amino-group in the same nucleus 
produces a fundamental change in the colour of the substance. 


Synopsis of the Principal Dyes of the " Azine Scarlet” Srmi.p. 


Formula. 

II. 


XV. 

XVI. 

XVIL 

XII (^HCl). 

VIII (+HCI). 

IX (+ HCl). 

V (+ HCl). 


II (f HCl). 

■(+HC1). 

'I(+HC1J. 


Colour in 
aqueous solution. 
Magenta 


Magenta (bluer shade) 

Magenta (similar to 1) 
Magenta (similar to II) 
Magenta (similar to 1) 
Magenta (similar to I) 
Redder than the above 

Similar to VIII, but 
slightly bluer 
Scarlet 


Scarlet (similar to IX) 
Scarlet (similar to IV) 
Scarlet (similar to IV, but 
less yollow) 


Reference. 
Toluylene Red. 

69188. 

Fried., Vol. Ill, p. 397. 

S. and J., No. 682, p. 228. 
Witt, Rer., 1879, 12. 931. 
D.R..P. 15272 (1880). 
D.R..P. 69188. 


D.R..P. 807.58 
(Fried., Vol. IV, p. 376). 


D.R..P. 86608. 

Azine Scarlet Gr. 

Fried., Vol. IV, p. 380. 

Ber., 1890, 23, ”845. 
D.R..P. 86008. 


Sumimry. 

I. The formation of the quaternary methochloride has only a 
^iight effect on the tint of the parent hydrochloride (I and II). 

-• The transition from a simple amino-group through a mono- 
alkylated to a dialkylated amino-group is accompanied by a grada- 
tion in tint from pure scarlet, through scarlet magenta, to pure 
'iiagenta, Tlie heavier the radicle the bluer the shade (VIII 
ajid IX). 

The transference of both amino-groups to the same nucleus 
produces a fundamental change In colour. 
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4. The replacement of a benzene by a naphthalene or tctra 
hydroquinoline nucleus produces little change in tint. 

.). The absence of radicles in the nucleus enhances the hluentss 
of the shade. 

Till" OrOAN-IO ClIKinCAL Labor.atoriiss, 

Tiik University, Leeds. [Received, October 2i}ih, ] 


CCXXXVIII.—T’/te Action of Light of Short Wait- 
lengths on some Organic Acids and their Salts. 

By Frans Maceits JAEnBR. 

Recently, while studying the velocity of the photochemical 
decomposition of solutions of the complex oxalate of potassium 
and tervalent cobalt — a salt which is highly photosensitive— the 
author observed that this velocity is strongly influenced by the 
presence of certain cations in the solution. Further examinatioD 
showed that the progressive addition of neutral salts first increased 
the velocity in all cases to a maximum, still larger quantities el 
salt considerably diminished the velocity, and in some cases the 
photochemical reaction could even be stopped completely by adding 
enough of the neutral salt. The greater the electrical charge ol 
the cation of the salt added, the smaller was the concentration of 
the salt required to bring about a maximum velocity of the photo- 
chemical reaction. Thus, for instance, the ferric ion brought 
about a maximal rate at a very small molecular concentration. 
It was thus that the effect of certain ions on the reactions pro- 
ceeding under the influence of light radiation was observed, and 
the observation stimulated the author to take up again older 
experiments of a like nature. Several years previously he found 
[Proc. Roy. Acad. Sci. AmstcroUim, 1911, 14 , 342) that an aqueous 
solution of trichloroacetic acid, in which freshly-precipitated col- 
loidal ferric hydroxide had been dis-solved in an amount insufficient 
to form a neutral salt, was rapidly decomposed by daylight or by 
the radiation of the mercury arc. Carbon dioxide was produced 
and a white, crystalline solid, pure hexachloroethane, CjClj, separ- 
ated. A more detailed study showed that, in particular, the blue, 
the violet, and the ultra-violet rays act most intensely, in accordance 
with their maximal specific ab.sorption. The mechanism of tfee 
process seemed, however, to be more complicated than was originally 
supposed ; the reaction in dilute solutions was found to differ from 
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that in concentrated ones. Moreover, the presence of free oxygen 
has an important effect, in leading to the production of free chlorine 
and of hydrochloric acid. Although the solutions show all the 
specific reactions of the free ferric ion, there is no doubt that they 
contain the iron as a constituent of a complex hexa-trichloro- 
acetatoferric ion, which is, however, readily di-saociated. If there 
is no excess of free acid in the solution, the above-mentioned photo- 
chemical action does not lake place, but another is observed, 
analogous to the deoompo.sition which occurs when the solution is 
heated, and resulting in the formation of carbon dioxide and chloro- 
form. If a concentrated solution of trichloroacetic acid is elec- 
trolysed between platinum electrodes, the trichioromethyl ester 
of the acid is formed, as well as carbonyl chloride and liydrochloric 
acid; the trichioromethyl trichloroacetatc in its turn can be .split 
by catalysts into carbon dioxide and he.xachloroethane. 

It was further possible to prove that aqueous solutions of ferric 
tribromoacetate and pentachloropropionate arc decomposed photo- 
diemioaUy, with formation of carbon dioxide and bruraoform, and 
of tetrachloroethylene respectively. The photochemical processes 
normally occurring can be e.xpressed by the equations : 

2Fe‘" -h 2CCl3-C0'0' -> 2Fe" -f 2 CO 2 -|- C^Clj. 

Fe- -1- .ICBra'CO'O' -|- SHjO FelOH), -h SCHBij -f IICO^. 
Fe"' + SCClj-CClj-CO'O' Fe"‘ + 30' -h 3C,Cl4 + SCOj. 

More recently, while studying the influence of light radiation on 
aqueous solutions of potassium tribromoacetate, it was found that 
the originally neutral reaction became gradually more and more 
acid. Added silver nitrate produced a heavy precipitate of silver 
bromide in increasing quantity as the exposurt' was prolonged. 
This observation, in conjunction with what has been said above, 
suggested a more detailed .study of .solutions of the potassium salts 
fit this and other similar derivatives of acetic acid when e.xposed 
to the radiation of the mercury arc. The photochemical decom- 
jmsitions thus effected were found to differ widely from those 
observed with the free acids and with their ferric .salt.s under 
corresponding conditions. 

As the behaviour is most evident in the case of tribroinoacetic 
acid, it is advisable to begin with this, a.s being the least com- 
plicated process. When an aqueous solution of potas,sium tri- 
bromoacetate in a quartz vessel is exposed to the rays of a mercury 
lamp, the course of the reaction depends greatly on the coucen- 
ttation. In dilute solutions, two molecules of hydrobromic acid 
are formed from each molecule of the salt, while the presence of 
three equivalents of ionic bromine could be ascertained by gravi- 
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metric analysis. Moreover, the colourless gas which was produced 
at the same time was subjected to a careful gasometric examination 
and proved to he an equimolecular mixture of carbon dioxide and 
carbon monoxide. The latter gas was identified by palladous 
chloride and estimated quantitatively by absorption in an am 
moniacal cuprous chloride solution. The reaction can therefore 
be completely expressed by the equation ; 

CBrj'CO'O' + K‘ + HjO 2H‘ + 3Br' + K‘ + CO + COj 

When, however, more concentrated solutions were treated m tlie 
same way, the formation of bromoform as a by-product could h 
demonstrated, whilst rather less bromine was found on addition of 
silver nitrate and a smaller quantity of free acid was produced 
Evidently a secondary reaction goes on here, which in the case of 
the pure acid alone would be represented by the equation : 

CBra-CO-O' -|- H' — > CHBrj + COj. 

On the other hand, if the ferric salt, in the presence of an excess 
of free acid, was exposed to the mercury light, the reaction weet 
on in a manner quite analogoas to that of ferric triohloroacctate, 
and resulted in the formation of hexabromoethane and carbon 
dioxide. The complete set of reactions observed may he expressed 
by the equations : 


2CBr3-C0-0'-t-2Fe"’->C2Br8-|-2C02+2Fe” , . . . (1) 

CBra-CO'O' -f H' ^ CHBrj -f COj (2) 


CBrj-CO-O' 4- K‘ -f HjO — ^ 2H- -f 3Br' + K‘ + CO -h CO, (3) 


Reaction (2) is an occasional, secondary one. The particular ivay 
in which the tribromoacetie ion is decomposed photochemieally 
is therefore evidently very dependent on the presence of special 
ions in the solution. With ferric ions present, the reaction velocity 
in this and in other cases is generally much greater than ivhen 


hydrogen or potassium ions arc present. It is not hazardous to 
suppose that this acceleration is in some way connected with the 
multiple electrical charge of the ferric ion and the relative facility 
with which one of th' three charges is eventually removed from it. 

The reaction produced under the same conditions in a solution 


of potassium trichloroacetate was found to be of a much more 
complicated character, the result being evidently a superposition 
of several different processes, all depending on the prevalence of 
certain conditions. If the solution of the potassium salt is 'crj 
concentrated, only an exceedingly small amount of carbon dioxide 
is generated, and the gas evolved consists almost entirely of caibfln 
monoxide, whilst, at first, for each molecule of carbon monoxi e 
two ions of chlorine seem to be produced. With more proloiige 
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exposures, however, the ratio of chlorine ions to carbon monoxide 
gradually falls off, and chloral could be detected in the liquid ; the 
falling off of the ratio is doubtless connected with the probable 
presence of some free oxygen in the gaseous mixture liberated. 
In the presence of water and the absence of oxygen, chloral is 
totally destroyed by light radiation according to the equation 
CClj’CHO + H2O — ^ 3HC1 -h 2CO, whilst, with oxygen present, 
the carbon monoxide is partly oxidised to carbon dioxide, and the 
hydrochloric acid even to chlorine. Although no final equations 
can be given here for the individual reactions taking place, but 
only preliminary ones, a general review of all the experimental 
data obtained may be of use for the purpose of comparison : 

CCVCO-O' + H‘ CHCI3 + CO2 
with CHCI3 3H2O ^ 4H -f" -{“ H*C0*0^ 

2CCl3-C0‘0' + 2Fe- ^ CjCle + 2CO2 + 2Fe" 

CCla-CO-O' + K‘ + HjO — > CCVCHO + K' + OH' + 0 
with CCIj-CHO + HjO + 20 3H‘ + 301' + 2C0^ 

(Schoorl and Van den Berg, Chem. Zentr., 1906, i, 441, 650) and 
CCVCHO + HjO — ^ 3H' -t- 3Cr + 200, at the same time. De- 
pending on the presence of certain other ions in the exposed liquid, 
the decomposition by the action of light can thus proceed in at 
least three principal ways, not counting the subsidiary reactions. 
These reactions differ from those induced by electrolysis or by 
heat. The electrolytic decomposition is : 

SCCla-CO-O' -1- 3H‘ -f HjO ^ OClj-CO-OC'Clj + 200^ -|- 
COCI2-I-CI' i-ir ■ 

and, with catalysts, eventually CClj-CO-O-OClj ^4- OO2 -f CjOlj. 
The thermal decomposition i.s ; 

CClj-CO-O' + K' + HjO^ CHCI3 + HCO3' + K- 

The photochemical decomposition of mono- and di-chloroacctic 
acids has already been studied by Beiirath (Annalen, 1911, 382, 
222) and by Euler and Ca.ssel (Zeitsch. •pkysikul. Chem., 1913, 84, 
371). The reaction proceeds according to the schemes ; 

CH2CI-C0-0' + H.2O— > CH2{0H)-C0-0' + H- + Cl' 
and CHCVCO-0' -|- 2H.2O — > CH(0H)2-C0-0' + 2H- + 2CT 

These reactions are of some interest in connexion with the behaviour 
«f the potassium salt of trichlorolactic acid, CCl3'CH(0H)-C0'0H, 
when exposed to mercury rays. In that case, evidently only an 
insigniflcaut quantity of free acid is generated, but for each molecule 
of the potassium salt 1 molecule of carbon dioxide is set free and 
one equivalent of chlorine is found to be present as ion. If the 
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solution after exposure is feebly acidified with acetic acid and 
heated with semioarbazide hydrochloride, a yellow, crystalline 
product is obtained, which proves to be the disemicarbazone of 
glyoxal. According to Harries and Temme {Her., 1909, 40, 17 ij 
and to Kling {Biill. Soc. chim., 1909, [iv], 5, 412), this fact indicates 
the original presence of dichloroacetaldehyde, which by a secondary 
reaction is transformed to glyoxal hydrate when heated with a 
feebly acid solution of semicarbazide. The photochemical reaction 
can therefore be represented by the equation : 

CCl3-CH(0H)-C0-0' -f K* COj + CHCla'CHO -f Cl' + K' (4) 
whilst the secondary, purely chemical change occurs as follows ; 

CHClj'CHO + 2 H 2 O — > CH(0H)2-CH0 + 2C1' -f 2H- 

It may be remarked that the photochemical transformation is in 
this case accompanied, or immediately followed, by an iiitra- 
molecular rearrangement of the atoms, and that the photochemical 
process does not differ here from the thermal decomposition, for 
aqueous solutions of the potassium salt are likewise decomposed 
on heating according to equation (4) above. 

In continuation of the above experiments, the photochemical 
decomposition of triphenylacetic acid has been studied in some 
detail. Both the acid and its potassium salt are only sparingly 
soluble, and therefore solutions in alcohol-water mixtures of varioiis 
concentrations were employed. In dilute solutions, the photo- 
chemical reaction rapidly results in the hberation of carbon dioxide, 
which dissolves in the liquid, and in the production of a white, 
crystalline solid, which after recrystallisation proves to be pure 
triphenylmethane (m. p. 93°), whilst the solution gradually becomes 
alkahne : 

(C^HsljC-CO-O' + K- + HjO ■+ HCO 3 ' + K' 

In more concentrated solutions, an additional change takes place 
and a crystalline mi.xture is deposited which for the most part 
consists of triphenylcarbiiiol (m. p, 163°), dissolving in concen- 
trated sulphuric acid vith a yellow colour. This second photo- 
chemical process evidently occurs according to the scheme : 

(C^HslaC-CO-O' + K- + H^O (CsH5)3C-OH + K' H'CO-0' 

whilst the formate produced is partly decomposed. 

In analogous circumstances, phenylbromoacetic acid, as potassium 
salt, is readily decomposed without liberation of carbon dioxide. 
In the liquid, a considerable amount of ionic bromine could be 
demonstrated. On closer examination, it could be shown that for 
each molecule of the salt one equivalent of bromine is precipitate 
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IS silver bromide, whilst the characteristic odour of beuzaldehyde 
is noticed. Evidently the original photochemical process consists 
in the formation of mandelic acid, which in its turn is split into 
tenzaldchyde and formic acid. Since the solutions were stirred 
by a current of air, so that free oxygen was present, the secondary 
reactions are partly also those studied by Berthelot and Gaudechon 
{Comp, rend., 1910, 150 , 1690; 151 , 1349; 1911, 152 , 262; 153 , 
383 ; 1913, 157 , 333) in the case of mandelic acid, and by Benrath 
[Annaten, 1911, 382 , 222; J. pr. Chem., 1917, [ii], 204 , 190) and 
Ciamician and Silber {Ber., 1913, 46 , 1558) in the case of formic 
acid, when exposed to such radiation under the same conditions. 
In its principal features, the sequence of reactions occurring here 
may be represented thus : 

CsHj'CHBr-CO-O' + K- + HjO-> CeH5-CH(0H)-C0-0' + 

Br' + H- + K’ 

and OsHj'CHlOHl-CO-O' + H' -> C^Hj-CHO + COj + H^. 

Finally, some preliminary experiments were made with the yel- 
lowish-green ferric complex salt of ethyltartronic acid, or rather 
with the potassium salt of the complex ferrictri(ethyltartrcnio) ion, 
the solution of which is very sensitive to the action of bght. The 
green solution became colourless, carbon dioxide was produced, 
and the liquid reduced silver nitrate solution immediately with 
formation of finely-divided, black, metallic silver. On keeping or 
passing oxygen into it, the colourless solution gradually resumes 
a green colour and then the original salt can he precipitated by 
alcohol. Evidently the photochemical reaction in this case is 
completely analogous to the well-known photochemical reduction 
of potassium ferric oxalate to potassium ferrous oxalate. The 
latter salt is also a very effective reducing agent for silver salts, 
and is easily reoxidised by free oxygen to the original ferric salt. 
If this be so — and by further investigation the author hopes to 
confirm this — the photochemical process (5) and the subsequent 
oxidation may probably be represented by the equations : 

3[Fe{0H'CEt(C0-0)2l3]"' + 2HjO — > 2[Fe50H'CEt(C0-0)2l2]" + 
2HCO3' + 2CO2 and + OH-CHEt-CHEt-OH .... (5) 

yi-kexylem glycol { ?) 

6[Fe|0H-CEt{C0-0)2}J' i-30->4[Fe{0H-CEt(C0-0)2l3]"' +^>5,03. 

One product of the first reaction has an agreeable aromatic odour, 
reminiscent of celery leaves, but its identity can be established 
only by further experiment. 

We may state, in conclusion, by way of summary, that the 
various photochemical reactions of the substances dealt with are 
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in each case truly specific, and are directly comparable neitipf 
to the effects of electrolysis nor, in most cases, to those of heat 
Both electrolytic and thermal effects have occasionally been con 
sidered analogous to photochemical change. The above and othet 
experiments enable us to emphasise once more that in the case of 
photochemical change no such general comparisons are vahd ■ ejpij 
photochemical reaction is specific and very dependent on the 
conditions obtaining at the moment, so that it is scarcely ever 
possible to predict its course. Among the conditions govemin,, 
the reaction, the presence of certain ions in the solution must 
considered a factor of great importance. 

Univehstty Laboratory op Inorganic Chemistry, 

GEONtNOEN, Holland. [Reedved, October 8 ft, 1921 1 


CCXXXIX.— 4 New Synthesis of Oxazints, 

By Akthto FAiEBonKNi and Harold Toms. 

Syntheses of oxazines are usually brought about by the prelimicaiy 
formation of a nitrogen linking, followed by the completion of an 
oxazine ring, according to the following scheme : 

NH 

/X— NH— ^ /\/\/\ 

\/O H X.\/ ^ \/\/\/ 

0 

This has the disadvantage, however, of affording no simple 
method of preparation of amino-derivatives, the reduction of aitw- 
oxazines being by no means easy ; and it otherwise very greatly 
limits the type of substance obtainable. 

Research now in progress (compare the previous paper, this vol, 
p. 1036) has resulted in a different formation of oxazines, which is 
the converse of the usual process, that is, it consists in the closing of 
a simple ether chain by the elimination of water from an amino- 
and a hydroxyl-group : 

0 

/\/®\cH 

1 1 1^2 

i'lVOH 


/ 


-A 


\/\/ 

NH 


CH, 
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The oxazines being of very considerable interest, both technically 
(compare Justin-Mueller, Sev. Gen. Gd., 1920, 24, 130; also, in 
connexion with amino-derivatives, Kehrmann, Be.r., 1905, 36, 481, 
483 ) and, more especially, scientifically (compare Knorr, Ber., 
1899 , 22, 1209; Kehrmann, loc. cit., p. 479), this alternative and 
rather unexpected possibility of their synthesis appears sufficiently 
useful to be put on record, the only previous example of a prepara- 
tion in any way similar which has come to the notice of the authors 
being a condensation of amino- and carboxyl-groups (Bischoff, 
Ber., 1900, 33, 1593), the carbonyl of the latter remaining in the 
ring produced, and not readily allowing of reduction to the parent 
oxazine. 


Experimental. 

2 : i-Dinitrophenyl f:-Hydroxyethyl Ether, and its Reduction. 

This substance was prepared by a method similar to that em- 
ployed in the case of the corresponding ether of glycerol (loc. cit.), 
a small quantity of aqueous sodium hydroxide solution proving 
successful, however, as condensing agent instead of the sodium 
derivative of ethylene glycol. To a solution of 8-1 grams of 1-chloro- 
2 ; 4-dinitrobenzcne in 18 c.c. of ethylene glycol was added an 
cthylene-glycollio solution of sodium hydroxide (1 mol.) obtained 
by dissolving 1'6 grams of the solid alkali in 1 c.c. of water and 
adding 18 c.c. of the glycol. The mixture was heated on a water- 
bath for half an hour, during which time crystals of sodium chloride 
separated. While still hot, the liquid was stirred into 50 c.c. of 
water, from which, on cooling, were depo.sited 8-5 grams of aoicular 
crystals. These were recrystallised from 20 per cent, acetic acid 
and from water, and were then colourless and melted at 109° 
(Found: 0 = 42-15; H = 3-75; N = 12-47. Calc., C = 42-11 ; 
H = 3-51 ; N = 12-29 per cent.). 

The mother-liquor from the acetic acid crystallisation contained 
a small quantity of another substance, m. p. 192 — 195°, which was 
not sufficient to admit of complete analysis, but an estimation of 
the nitrogen indicated that the compound was ethylene glycol 
bisdinitrophenyl ether, In other experi- 

ments, the ethylene-glyooUic sodium hydroxide was prepared by 
pouring the strong aqueous alkali into the glycol, instead of pouring 
the glycol into the aqueous alkah, and in the subsequent condensa- 
tions with ohlorodinitrobenzene no trace of the bisdinitrophenyl 
ether could then be found. It would consequently appear that the 
presence of excess of the glycol during the whole period of the 
preparation of the glycoilic alkali prevented the formation of the 
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diaodium derivative of glycol, and consequently of the bisdjjiij 
phenyl ether also. 

Reduction of 2 ; i-Diniirophenyl ^-Bydroxyethyl Ether. 
by weight of the monophenyl ether was gradually added to Went 
two parts of water containing two parts of iron and a small quantih- 
of hydrochloric acid, the addition being extended over a quartet 
of an hour, and being carried out at 74 — 76°. The whole 
maintained at this temperature for a further equal period of tinm 
the product was then filtered and the residue extracted with boilij 
water. As the resulting diamine was found to be insoluble in etief 
and exceedingly difficult to purify in any form, the water was 
evaporated and the dried material was submitted to dehydration 
in the crude state, as described below. No specimen of this free 
diamine has been isolated, but, by boiling the crude product vitl 
excess of acetyl chloride and then decanting and diluting tkf 
solution obtained, long, colourless needles of the triacetyl derivative 
were isolated, m. p. 128—130° (Found : CHj-CO = 43’1. Calc 
CHj'CO = 43-8 per cent.). 

G-Amino-i : Z-dihydro-l : i-benztsooxazine (G-Aminotjemo- 

0 

morpholine), 

Yh 

The crude diamine mentioned above was dissolved in 10 parts bv 
weight of concentrated sulphuric acid, and heated slowly to 15(11 
at which temperature it was maintained for several minutes. Tbc 
product was cooled, poured into water, and extracted with ctbor 
after neutralisation with sodium hydroxide. The ethereal extet 
was dried over solid sodium hydroxide, and the ether was removed 
by evaporation, when a mass of colourless, acicular crystals ivss 
obtained, which, after rcerystalli.sation from water, melted at SO’ 
(Found : N = 18-9. Calc., N = 18-6 per cent.). 

The authors wish to express their indebtedness to the Chemical 
Society for a grant to one of them (H, T.) which has partly defrayed 
expenses incurred in this work. 

King’s Colleoe, University of London, 

Strand, W.C.2. [Received, Norernher lUth, 1921.] 
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CCXL— 2’Ae Influence of NeuLral Salts on the 
Hydrolysis of Ethyl Formate. 

By Alexander Bernard Manning. 

Xectbal salt action, as ordinarily measured, is probably due to 
hvo or more causes acting together, and the difficulty in explaining 
the total effect in any particular example lies in disentangling these 
causes and assigning to each its specific effect. 

If to a solution of an electrolyte HA we add a neutral salt BC, 
there uill be in general a change in the concentration of the ion H' 
owing to the formation of the new molecular species HC and BA and 
the consequent readjustment of the concentrations of the ions 
present. The change in concentration of H' due to this cause may 
lie called the true neutral salt action. 

Of other effects often included under neutral salt action the most 
prominent is due probably to hydraiion and the consequent changes 
ill concentration of the solvent. To quote one instance — it is known 
that the presence of potassium chloride increase.s the rate at which 
sucrose is hydrolysed by an acid, but a comparable increase in 
velocity of hydrolysis can be produced also by the presence of a 
neutral non-electrolyte, for example, mannitol (Rosanoff and Potter, 
J. Amer. Chem. Soc., 1913, 35, 248), or indeed sucrose itself, for the 
rate of hydrolysis increases considerably with initial concentration 
of sugar. In all investigations on neutral salt action an attempt 
should be made to estimate the hydration factor by a careful com- 
parison of the effect of addition of the neutral salt with that of the 
addition of some otherwise inactive non-electrolyte, the hydration 
effect of which has been otherwise determined. This was done 
in the work described below-, and by a fortunate chance it was 
found that the method chosen was practically independent of 
hydration effects, glucose and sucrose, even in considerable 
concentrations producing inappreciable changes in the particular 
reaction constant measured. On the assumption that there arc 
no other disturbing influences, the following expierimental work 
should give a measure of the true neutral salt action as defined 
above. The results will be discussed from this point of view. 

Experimental. 

Dilute aqueous solutions of ethyl formate (1 — 2 per cent.) 
hydrolyse at a conveniently measurable rate at 25°, in the absence 
of acid other than that produced by the hydrolysis. The course of 
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this reaction in water alone and in solutions of various neutral salts 
and non-electrolytes has been studied, The reaction 

H-COi-CaHj + HjO — > H-CO^H 4- C^Hj-OH 

is autocatalytic and for dilute solutions of the ester can be taken as 
complete. 

To obtain an expression for the course of the change it will 
assumed, as a working hypothesis, that the rate of hydrolysis is 
jointly proportional to the concentration of the ester and of the 
hydrion. 

Let a — the initial concentration of ester. 

X = the concentration of formic acid produced after time I. 
c = the concentration of undissociated formic acid at time I. 
f j = concentration of hydrion at time t. 

Then c + Cj = (1) 

And = Ai. the ionisation constant of formic acid at 

’’ 25° (2) 

The above a.ssumption gives 

'If = K{a - x)c, (3) 

at 

We may call K the reaction constant. 

Eliminating c and Cj from (1), (2), and (3), wo have 

This gives on integration 

^‘[2 log ;v'r+ - i; + (v'r+ k’a - l) log 1\/1 + k’a + 

vr+Tx — (Vr+^fc'« + 1) log {Vi + 

= 2aK(ti — („), where = ‘f 

Initially the hydroxyl ions of the water also catalyse the reaction, 
but with increasing concentration of the hydrogen ions that oi the 
hydroxyl ions soon becomes inappreciable. This initial effect a 
readily seen to be negligible in the present case. 

The reaction was followed by titration with A/20-ammonia, 
with methyl-red as indicator. The use of a stronger alkali, sac 
as baryta, was found to be inadmissible, since it appeared to cats .uf 
the reaction appreciably during the titration, particularly c unng 
the early part of the reaction. This suspicion was coniirraea ) 
following the reaction (a) using baryta, {b) using ammonia, (c) . 
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the electrical conductivity method, (a) invariably gave higher 
values for the amount of hydrolysis than (6) or (c) except towards 
the end of the reaction. The values from (6) and (c) agreed within 
the limits of the experimental error. 

The ethyl formate used was carefully purified and was freshly 
distilled immediately before each series of experiments. A litre of 
water, or of the solution to be used, was placed in a stoppered Jena 
glass bottle in a thermostat at 25“ d; 0-05°. When this had attained 
the temperature of the bath, the requisite amount of ester was 
pipetted into it, the bottle shaken thoroughly, and the time talien. 
At convenient intervals 25 c.c. of the solution were removed and 
titrated with the standard ammonia. The initial concentration of 
ester was determined exactly by adding excess of bartya to 26 c.c. 
of the solution, keeping for two days, and titrating the excess of 
baryta with hydrochloric acid, care being taken to exclude carbon 
dioxide. 

All the salts used were recrystallised at least once. Conductivity 
water ivas used throughout for the solutions. 

When using a solution of a salt or non-electrolytc, a correction 
was made for the alteration in concentration of the solution due to 
the small change in volume on addition of the ester. 


TAc Bate of Reaction with Water alone. 


Initial concentration of 
the ester 0’0578Af. 


Time 

Amount 


in 

changed 


hours. 

per cent. 

K. 

2-97 

0-64 


22‘97 

15-3 

4-81 

25'3 

18-0 

4-78 

29-85 

24-15 

4-81 

46-87 

48-1 

4-82 

53-45 

56-5 

4-81 

70-62 

74'5 

4-84 

72-93 

76-4 

4-84 


Mean K 4-82 


Initial concentration of 
the ester 0-U63il/. 


Tim© 

Amount 


in 

changed 


hours. 

per cent. 

K. 

2-77 

1-04 



5-42 

2-70 

4-88 

22-5 

29-32 

4-81 

24-93 

34-4 

4-82 

27-37 

39-3 

4-82 

30-08 

44-9 

4-83 

46-50 

72-4 

4-85 

49-07 

75-6 

4-85 

54-03 

80-9 

4-86 

70-58 

91-7 

4-85 

Mean K = 4- 

84 


Initial concentration of 
the ester 0*1745iVf. 


Time 

Amount 


in 

changed 


houra. 

per cent. 

K. 

6-72 

5-90 



24-02 

43-95 

4-73 

28-42 

54-6 

4-76 

30-62 

59-25 

4-79 

48-35 

85-3 

4-79 

55-17 

90-3 

4-79 

72-25 

96-6 

4-72 

78-73 

97-9 

4-79 

Mean K — 4-77 


The constancy of the calculated values of K fully justifies the 
assumptions made in deducing equation (4). 

In the experiments in presence of neutral salts or non-electrolytes, 
the concentration of ester used was in the region of O’llfiJJ. The 
average of several determinations of K for water alone and for con- 
centrations of ester between 0'1151f and 0'117J/ was 4'83. This 
^ be taken as the basis for comparison with the values obtained 
in the presence of other substances. 
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Thi Bate of Readion in Solutions of Non-electrolytes. 


Glucose was the non-electrolyte principally studied ; the following 
are typical results. 


M/4-Gluco9e. 

Cone, of the ester = 0‘1163 jW. 

Gone. 

2Af ‘Glucose, 
of the ester = 0-11603/ 

Time 

Amount 


Time 

Amount 


in 

chained 


in 

changed" 


hoars. 

per cent. 

K. 

hours. 

per cent. 

K. 

4-23 

1-50 



3-47 

0-83 

__ 

a-8i 

3-43 

4-88 

22-93 

28-02 

4-85 

8-83 

5-41 

4-87 

25-38 

33-5 

4-90 

23-38 

30-46 

4-87 

29-73 

43-2 

4-96 

25-73 

35-55 

4-90 

46-53 

73-3 

5-1)6 

28-30 

40-76 

4-88 

52-2 

79-6 

5-04 

33-12 

50-63 

4-91 

71-4 

91-7 

4-90 

47-83 

74-13 

4*92 




o2-o0 

79-32 

4-92 




.t6-57 

83-3 

4-93 




73-37 

9.3-0 

4-93 




1)7-67 

97-9 

4-82 





Mean K = 4-89 



Mean K » 4'95 



In Jl/lO-gluoose, the mean K = 4-84; and in Jf -glucose, the 
mean K = 4-02, 

There appears to be a very shght, gradual increase in K with 
increasing concentration o£ glucose, but, as will he seen later, it is 
very small compared with the increase in the presence of neutral salts. 
Similar results are obtained with solutions of sucrose. Thus in 

M /2-sucro3e, the mean K = 4-92. 

.M-sucrose, the mean K = 5T0. 


The Rate of Reaction in Solutions of Neutral Salts. 


Typical results in solutions of potassium chloride. 


Couo. o( Cone, of 

KCl = 0-0993-V. KCl = 0-493^?. 

Initial coac. of the aster Initial cone, of the eater 



= 0-U65.V. 



= 0-1165.Y. 


Time 

Amount 


Time 

Amount 


in 

chemged 


in 

changed 


hours. 

per cent. 

K. 

hours. 

per cent. 

/C. 

5-78 

3-47 



4-08 

2-72 

— 

22-56 

37-9 

5-78 

6-08 

5-25 

6-52 

25-65 

45-0 

5-77 

808 

8-54 

6-45 

29-52 

64-0 

5-79 

22-5 

45-5 

6-53 

46-73 

82-3 

5-85 

27-27 

57-7 

6-54 

51-43 

86-7 

5-85 

29-33 

62-4 

6’54 

53-63 

88-8 

5-92 

46-93 

88-0 

6-65 

71-5 

96*6 

5-93 

49-38 

89-7 

6-52 

78-2 

97-7 

6-94 




Mean K = 6 

•85 

Mean K = 6-52 


Cone, of 
KCl = 1-99-V, 
Initial cone, of tlie ester 


- 

0-1158.Y. 


Time 

Amount 


in 

changed 


hours. 

per cent. 

K- 

1-73 

1-22 

— 

6-53 

7-31 

6-82 

23-03 

52-1 

6-9() 

25-72 

58-8 

6-95 

30*5 

69-6 

6-98 

47-23 

90-7 

6'9* 

49-68 

92-1 

6'9S 

71-10 

98-4 

6'87 

Mean A — 6’ 

93 
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The results similarly obtained, with solutions of sodium chloride, 
potassium nitrate, sodium nitrate, calcium chloride, and barium 
chloride are tabulated below and represented graphically in Fig. 1. 


Fig. 1. 



0 O’lN I ON hoN 


Cmcentralion of the neutral salt. 


Values of K for Variom Salts. 


Cone, of salt. 

KCl. 

NaCl. 

KNO,. 

XaNO,. 

CaClj. 

BaCl, 

■V/IO 

5'8f> 

.5-80 

5-70 

5-87 

6-23 

6'15 

-^/4 

01 8 

— 

6-01 

617 



6'81 


0-r)3 

6'7u 

014 

— 

7-90 

7-61 


0-!)4 

7-28 

O'lo 

6-53 

8'9o 

8-63 


0-93 

7-62 

5’i>4 

0-38 

lO-O 

9-65 


In all the solutions of the.se salts the constancy of the values of 
calculated throughout the course of the reaction, was very 
satisfactory. Moreover, the result of addition of the salt was 
a ''ays to accelerate the reaction. Solutions of the sulphates behave 
' Potassium and sodium sulphates retard the reaction, 

™ show a gradual increase in .K as the reaction proceeds 

VOL. cxix. a „ 
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Below are results for potassium sulphate ; 


Cone, of K2SO4 = 0‘Ofl91W. Cone, of KjSO^ = 0’992A’ 


Initial cone, of the ester = 

: O'lmN: 

Initial cone, of the ester ^ 

o-iieai' 

Time 

Amount 


Time 

Amount 


in 

changed 


in 

changed 


hours. 

per cent. 

K. 

hours. 

per cent. 

K. 

3'43 

104 

— 

2*62 

0-94 


4-95 

1-56 

3-22 

5*13 

1*77 

3*00 

6*03 

218 

3*69 

7*98 

3-22 

3-17 

22*92 

23*4 

4*14 

22-0 

18-6 

S'oS 

25*36 

27*65 

4*15 

24*47 

22*45 

3-63 

29*67 

35*76 

4*19 

28-83 

29*6 

3*68 

46-47 

63-9 

4*26 

45*63 

57*3 

3*82 

5215 

71*3 

4*27 

51*6 

65*2 

3*84 

71*37 

87-5 

4*28 

70-53 

83-6 

3*90 

95*7 

96*1 

4*30 

94*37 

93*8 

3*88 


Mean K = 4*06 



Mean K = 3*61 


Sodium 

sulphate gives similar results. 




Disemsim of Results. 

It has been shown that solutions of glucose and sucrose of lelatively 
high concentrations give very nearly the same values for the reaction 
constant K as does water alone. Unless, tJ.erefore, in solutions of 
these non-electrolytes there are two or more effects exactly annulling 
each other, which is improbable, it may be concluded that the rate 
of reaction is independent of changes in the concentration of the 
water. In other words, hydration of the solute does not affect K. 

It may further be remarked that changes of viscosity have here 
little effect on the rate of reaction. 

Admitting no further hypothesis, we must take the change in 
K on addition of neutral salts as due to an actual change in the 
concentration of hydrogen ions in the solution, K indeed giving 
a measure of the change. This change is a result of the readjist- 
ment in concentrations on addition of the neutral salt (say, potassium 
chloride) conditioned by the equilibria : 

H-COjH H'COj' + H' 

K’Jl ^ K’ + Cl' 

HCl ^ H' -f Cl' 

H-CO^K H-COj'-fK' 

It remains to be seen whether the theory of such mixtures of 
electrolytes, as far as it has been developed up to the present, wH 
lead to the same results as those obtained experimentally. 

Of the four equations above, three represent the dissociation of 
strong electrolytes. For dealing with such mixed electrolytes as 
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these Arrhenius {Zeilsch. physiM. Chem., 1899, 31, 197 ; compare 
also Sherrill, 7. Chem. Soc., 1910, 32, 741) proposed the Mow- 
ing form of “ dilution law ” : 


B- X A' 
“BA 


= 0(2*)™, 


where BA is one of the electrolytes, dissociating into the ions B' 
and A', 2i is the sum of tlie ionic concentrations, that is, the total 
concentration of positive (or negative) ions in the solution, and D 
and m are constants. 

FoUowing the method proposed by Arrhenius, the concentrations 
of hydrogen ion in various mixtures of potassium chloride, sodium 
chloride, barium chloride, and potassium sulphate respectively with 
formic acid have been calculated. There is, however, another 
point to he considered in comparing the calculated with the experi- 
mental results. During the reaction the concentration of formic 
acid varies, increasing from zero to slightly more than 0-IA. The 
fact that a constant value is obtained for K throughout the reaction 
(except for the sulphates) shows that lor the same concentration 
of neutral salt the same proportional increase in hydrogen-ion 
concentration is produced, independently of the concentration of 
acid. 

As an example, consider a solution containing O-lA-formio acid 
in the presence of JV-potassium chloride. In O'lA-formic acid 
alone the concentration of hydrogen-ion is 0-00452 gram-ion per 
litre. In the mixed solution the concentrations of the various ions 
and molecules present are given by the following simultaneous 
equations ; 


K’ X Cl' 
KCl 


A,(K- -f- H-)™. 


H- X Cl' 
HCl 


AjIK' + H')™. 


K‘ X H-cq/ 
H-COjK 

Hqx H-COj' 
“ H-C02H“ 


= K,{K- + H-)”'. 


= A4(K' + H‘)'». 


K- -f KCl -h H-C0.4lt 1 
Cl' -f KCl + HCl = 1 
H' -1- HCl + H-COaH = 0-1 
HCO 2 ' + H-COjH -f H-COjK = 0-1. 

The values of the constants, found from the conductivity data 

4 B 2 
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assuming the conductivity-viscosity ratio to give the degree ot 
dissociation, are 

£■1 = 2-44; £2 = 5-25; £3=1-15; £4 = 0-000214. 
nil =0-62; = «ij = 0-54; mj = 0, 


Solving the equations, we have 

H’ = 0-00647 

HCO 2 ' = 0-00366 

KCl = 0-266 

HCl = 0-000924 


K" = 0-731 
Cl’ = 0-733 
H-COjH = 0-0930 
H-CO^K = 0-00274 


Thus the addition of the neutral salt has increased the hydrogen, 
ion concentration from 0-00452 to 0-00547 gram-ion per litre. The 


Fio. 2. 


observed. 

calculated. 



increase is 21-0 per cent. The same percentage increase is produced 
with smaller initial concentrations of formic acid. Thus iiiO-Oli- 
formic acid the hydrogen-ion concentration is 0-003165 gram-iou 
per Mtre. In the presence of iV-potassium chloride this becomes 
0-00383 gram-ion per litre. The increase again is 21-0 per cent. 

In the diagram (Fig. 2) is shown the calculated percentage inercssc 
in concentration of hydrogen ion in the presence of various eon- 
centrations of potassium, sodium, and barium chlorides an 
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potassium sulphate respectively. The observed values also are 
shown, drawn to the same scale. 

Calculation of the hydrogen-ion concentration in mixtures of 
potassium sulphate and formic acid shows a decrease on addition 
of the neutral salt. Thus : 

H-ion cone, in O' ITi' -formic acid . 0-00452 gram-ion per litre. 
H-ion cone, in 0-1 A'-formic acid in 

presence of 0 -lA'-K 2 SO 4 . 0-00381 

H-ion cone, in 0-liV-formic acid in 

presence of At-K 2 S 04 . . 0-00325 

Moreover, the decrease is not quite proportional to the original 
hydrogen-ion concentration. Thus in presence of A'-potassiiim 
sulphate the hydrogen-ion concentration of O-lA^-formie acid 
decreases to 72 per cent., that of 0-05A'-formic acid to 71 pet cent,, 
and that of O-OUV-formic acid to 67 per cent, of the original. Some 
variation in the value of K, then, is to be expected. 

With the sulphates the agreement of calculated and experimental 
results is good. With the chlorides, however, the observed values 
arc considerably greater than the calculated. It is true that some 
of the data used in the derivation of the constants in Arrhenius’s 
formula are not very trustworthy. Thi.s applies particularly to the 
conductivity data for the formates in aqueous solution at 25°, 
which need redetermining. But the results indicate that some 
modification of Arrlienius’s mixture law is necessary. Again, it 
may be noted that the nitrate.s show clearly, and potassium chloride 
gives some indication of, a maximum neulral salt effect with in- 
teasing concentration. The method of calculation used above 
mold give no maximum. Tt would, however, seem useless to test 
my other mixture law until more trustworthy data are available 
or the dissociation of the formates in solution. 

[XoiB.— The work described above was begun in 1914, but, 
eiy shortly after its commencement, had to be postponed until 
919. Later, it had again to be put aside, and as, at the moment, 
■ircumstances do not permit its continuation, it is being pubbshed 
” Its present, somewhat incomplete, form.] 

bn-SRiAL College of Science and Technology, 

South Kensington. [Received, Se.pieindcr 1021.] 
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CCXLI . — The Action of Diazo-salts on Aromatic 
Sulptionamides. Part I. 

By Pavitea Kotue Dutt, Hugh Robinson Whitehead, and 
Aethue Woemall. 

Hinsbeeo {Ber., 1894, 27, 598), by the action of benzenediazoniuu 
chloride on bcnzenesniphonamide in very dilute alkaline solution 
obtained a yellow, crystalline product, which in the crude state 
melted at 102° with decomposition and on analysis gave 15-63 per 
cent, of nitrogen. Prom this, the author assigned to it the structure 
SOjPh-NH'NiNPh, which requires 16-09 per cent, of nitrogen. On 
warming with dilute acids or alkalis, it decomposed into benzene, 
sulphonamide, phenol, nitrogen, and a resinous product. 

In repeating Hinsbergs reaction rvith molecular quantities 
of p-toluenesulphonamide and benzenediazonium chloride, we 
obtained a yellow, crystalline product which, however, smelt 
strongly of phenylazoimide. On rocrystaUisation from dilute 
alcohol, it melted at 95° (with decomposition), and its analysis 
agreed with the formula CjH4Me-S02-XINPh. A similar com- 
pound isomeric with the above, -p-toluenediazobenzenesulphiaate, 
S02Ph-N:N-C5H4Me, had previously been prepared by Hantzsci 
and Singer (Ber., 1897, 30 , 312) by the action of p-toluenediazonium 
chloride on benzenesulphinic acid, and the lower homologne, 
S02Ph-NlNPh, by Kfinigs {Ber., 1877, 10 , 1531) by the action of 
benzenediazonium chloride on the same substance. On the other 
hand, when the crude yellow product was crystallised from honzem 
and light petroleum, it melted sharply at 87 — 88°, with decompositim, 
and its analysis agreed with the formula C 5 H 4 Me‘S 02 ‘NlI'N!KPt. 

Assuming that the diazo-snlphinate, CjH4Me-S02'NINPh, l«ii 
been formed in a similar way to that of Konig.s and of Hantzsch fflii 
Singer, we concluded that the diazoamino-compound, first foiniMl 
must have decomp- sed in presence of alkali into p-tolueuesulphinic 
acid and phenylazoimide, and the sulphinio acid thus formed must 
have combined with the benzenediazonium chloride. This h»s 
been verified by carrying out the condensation in presence of a large 
excess of alkali, when no solid but phenylazoimide was obtained m 
very good yield. The sulphinic acid present in the alkaline aqueoiB 
portion was converted into the insoluble ferric salt (Thomas, f , 
1909, 95 , 342). The yield was almost quantitative, according t« 
equation (1). In another experiment the sulphinio acid was con 
densed with a molecular proportion of the diazonium salt, wMB 
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the diazosulphinate was obtained in very good yield, the reaction 
taking place according to equation (2). 

R-SOa-NHj + R'NiNa = R-SO^H + RTg^ + HCl . . (1) 

R-SO^H + R'NINCI = R-SO^-NINR' + HQ .... (2) 

Hinsberg’s product may therefore be regarded as a mixture of 
the diazoamino-compound, R-SO^-NH-NiNR', and the diazo- 
sulphinate, R-SO^'N.'NR'. This reaction has been studied with 
both benzene- and p-toluene-sulphonamides on the one hand, and 
aniline, o-, m-, and p-toluidines, and p-chloroanibne on the other. 
The products in all cases arc similar and the reaction may be repre- 
sented by equations (1) and (2). The reaction, therefore, can' 
conveniently be utibsed for the preparation of aromatic azoimides 
and sulphinio acids. 


Experimental. 

Actiofi of BonzetiediozoiiiuM CMonde on ^-ToluoneoulphonoMtde. 

Experiment Benzenediazoniura chloride (made from aniline, 
4-6 grams, hydrochloric acid, 15 c.c., and water, 25 c.c., diazotised 
with sodium nitrite, 3-6 grams in water, 15 c.c.) was slowly added to 
a well-cooled solution of 8-5 grams of p-toluenesulphonamide and 
6 grams of sodium hydroxide in 175 c.c. of water. The mixture 
was stirred for about ten minutes and filtered, and the yellow, 
crystalline product washed with water and dried in a vacuum 
desiccator. The filtrate was slightly alkaline and smelt strongly 
of phenylazoimide. The crude product melted and decomposed 
at 83-85“ (Found : N = 13-9 per cent.). The yield was 8 grams. 
A portion, recrystalliscd from aqueous alcohol, formed yellow 
needles, m. p. 95“ with decomposition (Pound : C = 59-78 by the 
wet method; N = 10-98; S =. 12-34. Benzenedicao-p-toluenesul- 
fkinate,^ CHj-CjHj-SOj-NINPh, requires C = 60-00 ; N = 10-77 ; 
S — 12-31 per cent.). The sulphur was estimated by fusion with 
potassium carbonate and potassium nitrate, as an attempt by the 
Carius method resulted in an explosion just after the tube had been 
sealed. 

The diazo-sulphinate, on reduction with zinc dust and acetic acid 
m alcoholic solution (Konigs, loc. cit.), gave the colourless dihydro- 
envative. This, when reraystallised from alcohol, formed 
aredles, m. p. 154 “ wijji decomposition (Found : N = 10-9. 
^’CeHj-SOj-NH-ffHPh requires N = 10-7 per cent.). 

small portion of the crude condensation product, m. p. 83 — 85°, 
mentioned above, was dissolved in a large volume (1 gram in 50 c.c.) 
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of benzene at abont 30° and filtered. The pale yellow, crystaUj^p 
precipitate that separated on adding light petroleum to the coofej 
filtrate was quickly collected and dried in the dark; it uiely 
sharply with decomposition at 87 — 88° (Found : N = 15'55, 
diazoamine, CHg-CjHj-SOj-NH-N^NPh requires N = lo-27 
cent.). tVhen warmed with sodium hydroxide solution, contrary 
to Hinsberg’s statement, it liberated phenylazoimide. In alcoholic 
solution, it gave a deep red coloration with a solution of p-naphthol 

E'xperimanl II . — In this experiment the reaction was carried out 
in presence of a large excess of alkaU. Benzenediazonium chloride 
(made from 9'3 grams of aniline) was slowly added to a solution ol 
17 grams of p-toluencsulphonamide and 15 grams of sodium hydr- 
oxide in 360 c.c. of water. In this case no precipitate was formed 
but an orange, opalescent liquid was obtained smelling strongly ol 
phenylazoimide. A drop of the hquid produced a deep red colora- 
tion on g-naphthol test-paper. A few c.c. of the hquid were acidified 
with cold dilute acetic acid and gave a pale yellow precipitate, 
which, after being filtered, washed, and dried, melted with dcooiu. 
position at 85 — 86° (Found ; N = 15-28 per cent.). The reaction 
mixture, -which evidently contained the diazoamine in solution 
showed no appreciable decomposition even after being stiri-ed for 
two hours. The mixture having been kept overnight in the in 
box, a considerable amount of oil had accumulated at the bottom 
of the vessel, but the liquid still gave the red coloration mtt 
P-naphthol test-paper. Sodium hydroxide (15 grams) w-as then 
added and the mi.xture stirred until no colour reaction was obtaiued 
with p-naphthol paper. It was then extracted with ether, the 
ether distilled off, and the residue distilled in steam. The steam 
distillate was again extracted with ether, and the extract dried orcr 
calcium chloride and distilled in a vacuum from a water-bath. Tie 
yield of phenylazoimide was 9 grams, the calculated yield being 11-9 
grams according to equation (1). It is a clear yellow liquid, haring 
a characteristic, penetrating, but not unpleasant smell. It explodes 
when heated in a test-tube over a Bunsen flame, but distils atdl 
under H mm. pre< sure. To identify the product further, it naa 
condensed with ethyl acetate, a substance, melting at 115 , being 
produced identical with that obtained by Dimrotb {Ber., 1902, 36, 
4057) from phenylazoimide and ethyl acetate. 

The aqueous solution left after the phenylazoimide had been 
removed was dixuded into two equal portions. One portion vaa 
acidified with hydrochloric acid. The brick-red precipitate 
by the addition of ferric chloride to the acid solution was co ec « 
(yield 8-5 grams, the calculated yield being 8-7 grams), 
with a shght excess of aqueous ammonia, and filtered, a 
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addition of concentrated hydrochloric acid to the cooled filtrate, 
colourless, crystalline p-tolnenesulphinic acid was precipitated,’ 
It was recrystallised from water and melted at 8$— 87° (Thomas 
gives m. p. 86 87°, foe. di.). It gave the characteristic blue colour 
reaction of aromatic sulphinic acids with concentrated sulphuric 
acid and anisole (Smiles and Rossignol, T., 1906 89 696) (Found ■ 
S = 20-54. Calc., S = 20-51 per cent.). ’ ’ / > 

The other portion of the aqueous solution mentioned above was 
treated with half the quantity of benzenediazonium chloride, when 
a yellow, crystalline precipitate was obtained. This was filtered 
ofi, washed with water, and dried; the yield of crude product was 
13 grams (m, p. 91°), the theoretical yield being 14 grams. On 
recrystallisation from dilute alcohol it formed yellow needles m p 
95°, and proved to be identical with the benzenediazo-p.toluene- 
sulphinate described in experiment I. 


Action of o-Toluenediazonium Chloride on v-Toluenetmlphoii amide. 


In this and the following experiments with p-toluenesulphon- 
amide, 17 grams of the substance were dissolved in an alcoholic 
solution of 20 grams of potassium hydroxide, the alcohol was 
distilled off in a vacuum, and the residue dissolved in 150 c c of 
water. This process has the advantage that the bulk of the solution 
IS smaller than in the previous experiments, and in spite of the large 
concentration of alkali the potassium salt of the sulphonamide does 
not separate out. o-Toluenediazonium chloride (made from 10-7 
p-ams of o-toluidine) was then added, when a dark oil was formed. 
This was extracted with ether and purified as in experiment II. 
Ike yield of pure o-tolylazoimidc was 10 grams (b. p. 90-5° at 31 
nm,), the theoretical yield being 13-3 grams. 

1 he aqueous solution was divided into two equal portions ; one 
ivas treated with ferric chloride and the other with half the quantity 
a o.toluenediazoniura chloride, as described in experiment II. 
he yield of ferric p-toluenesulphinafe was 8 grams [Found : 
n ^ ' ,^^^3’®6H4-S02)5Fe requires Fe = 10-74 per cent.], 

'’-toluenediazo-p-toluenesulphinate (m, p. 

' _with decomposition) was 11 grams, the theoretical yield being 
grams. On rccrystallisation from alcohol, it formed deep 
fchow needles and melted at 95° (Found : N = 10-26. 
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Action of m-Toluenediazonium Chloride on ^■Tolnenmdphonamide, 

The same quantities were used as in the previous experiment. 
The yield of pure m-tolylazoimide was 11 grams (b. p. 92'5° at 3l 
mm,), that of ferric p-toluenesulphinate 8-5 grams (Pound : Fe = 
10-65 per cent.), and that of the crude diazo-sulphinate (m. p. 
62—66“) 11-5 grama. The last, on recrystallisation from alcohol, 
formed bright yellow needles, m. p. 72 — 73“ (Found : N = 10-16 
per cent.). 


Action of p-Toluenediazmiium Chloride on ^^-Tohienesulphommide. 

The same quantities were used. The yield of pure p-tolylazo. 
imide (b. p. 93“ at 32 mm.) was 10 grams. It has a characteristic 
aniseed smell. The yield of ferric p-toluenesulphinate was 8 grams 
(Found : Fe = 10'7 per cent.), and that of the crude diazo-sulphinate 
(m. p. 96 — 99°) was 12 grams. The latter, on reorystallisation 
from alcohol, formed bright yellow needles which melted at 100’ 
with decomposition (Found : N = 10-59 per cent.). 


Action of p-Chlorobenzenediazoniurn Chloride on p-Toluene^ 
snlphonamide. 

The yellow, crystalline precipitate formed on the addition of 
p-chlorobenzenediazonium chloride (made from 12-7 grams ol 
p-chloroaniline) to the solution of the sulphonamide decomposed 
very slowly with the separation of an oil. After remaining over- 
night, the mixture was extracted with ether and the extract purified 
as before. The yield of p-ohlorophenylazoimide (b. p. 90-91' at 
15 mm.) was 8 grams, the calculated yield being 15 grams. The 
aqueous portion was divided into two equal parts and treated as 
before. The yield of ferric p-toluenesulphinate was 5 grams 
(Found : Fe = 10-67 per cent.), that of the crude p-chlorobenzene- 
diazo-p-toluenesulphinate, m. p. 112 — 117°, was 8 grams, the 
calculated yield bei'-g 14-7 grams. The latter, on recrystalhsation 
from alcohol, formed golden-yellow plates, m. p. 118° 
position (Found : N = 9-7 per cent. CH3-C5H4-S02'N.i 8 4 
requires N = 9-5 per cent.). 


Action of Benzenediazoniurn Chloride on 

In this and the foUowing experiments 15-7 grams of the sul- 
phonamide were dissolved in alcoholic potassium hy oxi , 
the aqueous solution was prepared as before. Molecular qua 
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of the varioue diazo-salta were used. With benzenediazonium 
chloride, the yield of pure phenylazoimidc was 8 grams. The 
aqueous portion was also treated as before. The yield of ferric 
benzenesulphinate was 7 grains, the calculated yield being 8 gram.s 
(Found: Fe = 11-48. Calc., Fe= 11-69 per cent.). The free 
sulphinic acid obtained from it melted at 83—84° (Thomas gives 
m, p. 85° ; foe. at.). 

The yield of the crude benzenediazobenzenesulphinate was 12 
grams, the theoretical jdeld being 14-7 grams. On reerystallisation 
from dilute alcohol, it formed orange plates which melted at 75—76° 
with decomposition (Koniga gives m. p. 75—76° ; loc. cit.) (Found : 
C = 58-37 , N= 11-8. Calc., C — 58-54; = 11-38 per cent.). 

On reduction with zinc dust and acetic acid, it gave the dihydro- 
derivative, which, on recrystallisation from alcohol, formed colour- 
less needles and melted at 158° (Konigs gives m. p 148°) (Found - 
N=ll-7. Calc., N= 11-3 per cent.). 


Action of o-Tolumediazonmm Chhride on Benzenmlpkmamide. 

The yield of pure o-tolylazoimide was 10 grams, that of ferric 
benzenesulphinate 6-5 grams (Found: Fe = 11-47 per cent.), and 
that of the crude o-toluonediazobenzcnesulphinate 9-6 grams, the 
calculated yield being 13 grams. The last, on reerystallisation from 
alcohol, formed salmon-coloured, small prisms which melted with 
decomposition at 59— 60° (Found : N = 10-6. CHyCjH.-NIN-SO-Ph 

requires N = 10-77 per cent.). 

Action of tn-Toluenediazomum C/iloridc on. Benzencsulphonamide. 

The yield of pure m-tolylazoimide, b. p. 78° at 14 ram., was 
9 grams, that of ferric benzenesulphinate 6-4 grams (Found: 
Fe — 11-48 per cent.), and that of the crude diazo-sulphinate 9-6 
grams. The last, on reerystallisation from alcohol, formed yellow 
prisms which melted at 58° -with decomposition (Found : N = 10-78 
per cent.). 


Action of y-Toltientdiazmium Chloride on BenzeneMlptmnamide. 

The yield of pure p-tolylazoimide was 9 grams, that of ferric 
enzenesulphinate 5-6 grams (Found : Fe = 11-48 per cent.), and 
hat of the diazo-sulphinate 9-2 grama. The last, on recrystallisa- 
ion rom ^ alcohol, formed golden-yellow prisms which melted 
1 “^86° with decomposition (Found: N=10-8 per cent.); 
nantzsch and ginger give m. p. 90° (foe. cU.). 


4 B* 2 
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Action of ]i-ChImobcnzenediaz(miuni Chloride on Bcnzene- 
sitlphonamide. 

The yellow, crystalline diazoamine formed in this experiment 
appeared to he rather stable. After stirring for two hours, it was 
filtered, washed, and dried. It melted indefinitely at about 85° 
(Found : N = 14-41. SO2Ph-NH-N:Sr-0gIl4Cl requires N = 14-21 
per cent.). 

In another experiment, the reaction mixture was stirred for 
two days, when an oily liquid separated, which was extracted and 
purified in the usual way. The yield of pure p-chlorophenylazoimide 
was 7 grams. The aqueous portion was divided into two equal parts 
and treated as before. The yield of ferric benzenesulphinate was 
5 grams, and that of the crude diazo-sulphinate 7 grams, the 
theoretical yield of the latter being 14 grams. On recrystalHsation 
from alcohol, it formed deep yellow prisms, m. p. 100° with decom- 
position; Hantzsch and Singer give m. p. 102^103° (Found: 
N = 10-2. Calc., IS’ — 9-98 per cent.). 

Ill conclusion, we wish to express our thanks to Professor J, B, 
Cohen, F.R.S., for valuable criticism and to the Research Fund 
Committee of the Chemical Society for a grant which has partly 
defrayed the expenses of this investigation. 

The Okganic CnE.wJc.\t/ L.aboratokies, 

The University, Leed.s. [Received, September 10th, \ti2l.] 


CGXLll.—The Optically Active Forms of the Keto- 
dilactone of Benzophenone-2 : 4 : 2 ' : i'-tetracarb- 
oxylic Acid. 

By William Hobson Mills and Charles Reynolds Noddkk. 

In a preliminary communication (T., 1920, 117 , 1407) we described 
the resolutioii of the keto-dilactone of benzophcnone-2 : 4 : 2’ : 4'- 
tetracarboxyhc acid (I) into optically active components, by which 
an experimental demonstration was given of a previously unrealised 
type of molecular asymmetry associated with spiVocychc consti- 
tution.* 

* Leucha and Gieseler have, however, shown {Ber., 1912, 45 , 2114) that 
bis-S-brorao-Y-valeroIactone-oa-spirane, which contains two similarly situated 
asymmetric carbon atoms as well as the spirane carbon atom, exists in three 
optically inactive forms. 
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Like methylci/ciohcxylidcncacctic acid {Perkin, Pope, and Wallach, 
T., 1909, 95, 1789), 4-oximinoci/doliexaneearboxylic acid (Mills and 
Bain, T., 1910, 97, 1866), d- and Z-inositol (Maquonne, Ann. Chim. 
Phijs., 1893, [vi], 29, 271; Tanret, Compt. rend., 1899, 109, 908) 
and triethylenediaminccobaltic broinide (Werner, Ber., 1912, 45, 
121) and certain analogous co-ordination compounds, this substance 
affords an example of an optically active compound which contains 
no asymmetric atom in the ordinary sense. 

As regards its chemical structure, the compound is highly sym- 
metrical; the molecule is divisible at the central spirane carbon 
atom into two identical halves. The molecular a.symiuetry is due to 
the fact that these two halves lie in planes which intersect — accord- 
ing to the theory of van’t Hoff, at right angles- so that the molecule 
po.sscases as its sole element of symmetry a binary axis of the first 
order AA' and is therefore non-superposable on its mirror image 
(in the diagram Ar represents the aromatic residue CjHj-COjH). 
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The relationship between the two enantiomorphous forms is 
somewhat similar to that between a right-handed, two-bladed 
screw propeller and its left-handed analogue. 

Benzophenonotetraearboxylio acid (Mills, Ptoc. Camb. Phil. Soc., 
1916, 18, 149), from which the active keto-dilactonie acids are 
derived, was obtained by the oxidation of di-m-xylyl ketone. Since 
the latter compound was prepared by the condensation of m-xylene 
with carbonyl chloride, there can be little doubt that it possesses 
the formula II, and therefore that benzophenonetetracarboxylic 
acid and its keto-dilactone have the constitutions III and I. An 
experimental proof of the correctness of these forraul® is given 
below. 

The oxidation of the ketone was carried out in two stages. By 
prolonged boiling with dilute nitric acid a mixture of acids was 
obtained which apparently consisted chiefly of dibasic acids. These 
were then oxidised to the tetrabasic acid with potassium perman- 
ganate. The conversion of the easily soluble tetrabasic acid into 
its sparingly soluble keto-dilactone was readily effected by heating 
with hydrochloric acid. The keto-dilactonie acid melts at 409". 

We have now carried out the resolution of the keto-dilactonic 
acid with considerably larger quantities of material than before, 
and have obtained both the dextro- and the lievo-form in what we 
believe to be a state of optical purity. Pheuylethylamine was 
again employed for the resolution. The enantiomeric forms of this 
substance are probably the most readily accessible of the synthetic 
optically active bases (Loven, J. pr. Chem., 1905, [ii], 72, 307), and 
may prove of service for the resolution of acids in many other oases 
where the natural alkaloids fail. To obtain the d-acid, the inactive 
acid was combined in the cold with the equivalent quantity of the 
Z-base under such conditions that a little more than half the total 
quantity of salt erystaUised. This was decomposed in the cold 
with hydrochloric acid, and the liberated acid was combined again 
in the same way with more Z-ba.se, and the process was repeated 
seven times. This method wa.s employed because it involved no 
elevation of temperature, for the lactone rings are rather readily 
opened. 

"^he Z-acid was isolated by combining the inactive acid with 
d-phenylethylamine and recrystaUising the salt repeatedly from 
methyl alcohol and ether until it gave an acid of constant specific 
rotation. In spite of the warming required this method of resolu- 
tion is at least as effective as the other. 

The specific rotation of the active keto-dilactonic acids in methyl 
ethyl ketone solution was found to be comparatively low and to 
vary considerably with the concentration, being greater in more 
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concentrated solutions. For the d-aeid was found [«]„ ig-S" at a 
concentration of 7-76 grams per 100 o.c., and for the J-acid at the 
same concentration (by interpolation) [a]n - 19-53°. It has 
already been stated (T., 1920, 117, 1409) that the solubility of the 
optically active modifications in methyl ethyl ketone is much 
greater than that of the inactive aeid, as is strikingly shown by 
the abundant precipitate of the inactive acid which is immediately 
formed when strong solutions of the d- and 1-acids are mixed. This 
shows that the inactive acid is a racemic substance. The 1-acid 
melts at 407°. The melting point of the active form is thus 2° lower 
than that of the racemic acid. 

Treatment of the compound with excess of alkah very rapidly 
opens the keto-dilactonic rings, and in consequence the rotatory 
power of the active modifications disappears completely when they 
are dissolved in sodium hydroxide solution. Even in the presence 
of sodium hydrogen carbonate the rotatory power gradually falls to 
zero. The specific rotation of the sodium salt in aqueous solution 
is m the opposite sense to that of the free keto-dilactonic acid in 
methyl ethyl ketone and has a much smaller value. 

We have also resolved the lactone of benzhydrol-2 : 4 : 2' : 4'- 
tetracarboxyUo acid (IV) and have investigated its oxidation to 
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find whether the optically active keto-dilactonic acid could be 
produced in this manner. The inactive lactonic acid was obtained 
by dissolving the keto-dilactonic acid in excess of ammonia and 
reducing with zinc dust. The bcnzhydroltetracarboxylio acid 
thus produced is transformed into its lactone with the greatest 
readiness when set free from its salts. The lactonic acid was 
resolved by means of brucine. From an alcoholic solution of 
equivalent quantities of the acid and brucine the brucine salt of the 
l-acid crystallised out very slowly, and on decomposition gave an 
acid showing the specific rotation [i]p — 258° in methyl ethyl ketone 
solution. The specific rotation of this compound, which contains 
an ordinary asymmetric carbon atom, is thus very much higher 
than that of the chemically closely related but oentro-asymmetric 
keto-dilactonic acid. 
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It was found that the oxidation to the keto-dilactonio acid could 
be effected by chromic acid in glacial acetic acid solution. However 
the product obtained from the optically active laetonie acid proved 
to be inactive. This is not surprising, for since the reaction involves 
the oxidation of a hydrogen atom attached to the asymmetric 
carbon atom, the change would be expected to be associated with 
much racemisation. 

The optically active laetonie acid loses its activity completely when 
dissolved in excess of sodium hydroxide solution, showing that when 
the lactone ring is opened the central carbon atom ceases to be 
asymmetric. This fact is important, because it allows the conclusion 
to be drawn that in benzhydroltetracarboxylic acid (V), and con- 
sequently also in benzophenonctctracarboxylic acid, the two 
residues, •CjHjfCO.jHjj, arc alike; and when this is established the 
constitution of the tivo acids becomes comparatively easy to 
determine. Tor when benzophenonetetracarboxylio acid is fused 
with sodium hydroxide, it undergoes hydrolysis, giving a mixture 
of two acid.s. The le.ss soluble of these was readily identified as 
isophthalic acid. The more soluble had the composition of a 
benzenetricarboxylic acid, C8H3(C02H)3, and when heated gave an 
anhydride, CuH3(C203)-C02H. It was therefore either hemimellitic 
or trimellitio acid. The melting point of the acid was 228—230“ 
and of the anhydride 159 — 162°. These are the melting points of 
trimellitic acid and of its anhydride.* The more soluble acid was 
accordingly trimellitic acid. Hence the hydrolysis must proceed 
in accordance with the equation : 

COjH/^CO-CjHjiCOjHls + HjO = 

^ COjH 

C02H<^\c 0.3H + CsHjtCOaHlj 

CO2H 

for, since beazophenonetetracarboxylic acid was prepared from 
m-xylene, the two carboxyl groups attached to each nucleus in the 
molecule of this acid must be in the ?ne(a-position to one another. 

The constitution of one half of the molecule is thus fixed and, 
since the two halves have been shown to be alike, the constitution 
11 assigned to the acid is therefore established. 

ExPEKI. MENTAL. 

Di-m-xyhjl KeUmc . — The preparation of a dixylyl ketone by 
leading carbonyl chloride into cooled “ xylol ” and treating the 

* Hemimellitic acid melts at 190” and ita anhydride at 
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solution with aluminium chloride was briefly described by Ador 
and Rilliet '{Ber., 1878, 11, 399); we have, however, been able to 
find no record in the literature of the preparation of pure di-m-sylyl 
ketone. It can be readily obtained in the following manner. 
Liquid carbonyl chloride (14-25 c.c.) is allowed to evaporate slowly 
into a mixture of m-xylene (50 grams), carbon disulphide (120 c.c.), 
and aluminium chloride (63 grams) cooled in ice. The greater 
part of the aluminium chloride dissolves and the liquid separates 
into two layers, the lower of which is dark coloured and contains the 
aluminium chloride compound of the ketone. After forty-eight 
hours, the mixture is poured on to ice. The aqueous layer is 
separated, the lower layer, which consists of a carbon disulphide 
solution of the product, is added to dilute hydrochloric acid, and 
a current of steam is led in to remove the carbon disulphide and 
unchanged m-xylene and decompose traces of xyloyl chloride. 
The crude ketone which remains is dissolved in ether and after 
washing with alkali, drying, and removal of the ether, is distilled 
under diminished pressure. At 17 mm. nearly the whole distils 
at 200 — 201° (Found: C = 85-6; H = 7-7. Ci-HjjO requires 
C = 8-7 ; H = 7-5 per cent.). The yield of pure ketone is about 
70 per cent, of the m-xylene taken. 

Keto-ditactone of Bemoj>he>iom-2 : 4 : 2’ : i' ■klracarhoxylic. Acid . — 
The ketone (10 grams) was boiled with dilute nitric add (120 c.c.) 
obtained by mixing the concentrated acid (d 1-42) with 6 volumes 
of water. The boiling was continued \intil the greater part of the 
oil had become soluble in aqueous sodium carbonate solution, The 
rate of oxidation varied considerably in different experiments, but 
usually two to three days’ boiling was required. The product ivas 
a faintly yellow oil which solidified on cooling. It was dissolved 
in ether and the acids which had been formed were extracted from 
the ethereal solution with aqueous sodium carbonate solution. 
These contained a certain amount of nitro-acids which it was 
essential to remove. This was done by reduction with ferrous 
hydroxide. A solution of the acids in an excess of .sodium hydroxide 
was added to a solution of ferrous sulphate, containing 10 grams of 
the crystallised salt for the acids from each 10 grams of ketone, and 
the mixture was digested for five hours on the water-bath. After 
cooling, it was acidified with hydrochloric acid and the precipitated 
acids were taken up in ether. On titration of the acids thus obtained, 
the volume of normal alkali required to neutraUse 1 gram was found 
to range from 6-22 c.c, to 7-22 c.c., the average being 6-8 c.c. For 
1 gram of an acid formed by the conversion of two of the methyl 
groups of dixylyl ketone into carboxyl groups the volume of normal 
alkali required would be 6-71 c.c. It would appear, therefore. 
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ttat the oxidation with dilute nitric acid leads to the forniatioa 
chiefly of such dibasic acids. 

As the product was presumably a mixture, it was not further 
iuTestigated, but was at once oxidised to the tetrabasic acid with 
potassium permanganate. From the alkali equivalent the quantity 
of permanganate required for the oxidation was calculated, and an 
amount 10 per cent, in excess of this was added in 5 per cent, solution 
to the boiling solution of the acids in potassium hydroxide. The 
permanganate was added in small quantities until decolorisatitm 
became slow, The remainder was then added ail at once and the 
mixture gently boiled for six hours. The tetrabasic acid is a com. 
paratively soluble compound which is precipitated by hydrochloric 
acid as a viscid oil from not too weak solutions of its salts. Addition 
of excess of hydroehlorio acid salts out more of the acid, but the 
precipitate dissolves again on warming. If this solution is now 
heated to boiling, the keto-dilactonie acid separates gradually as i 
colourless, dense, crystalline powder. The filtrate from the man- 
ganese dioxide was therefore concentrated, strongly acidified with 
hydrochloric acid, and heated on the water-bath until the separation 
of the keto-dilactonic acid was complete. The yield is fairly 
satisfactory. For example, in one series of experiments, 30 grams 
of the keto-dilactonic acid were obtained from 34 grams of dixylyl 
ketone. 

The compound is exceedingly sparingly soluble in most of the 
common solvents, acetone and methyl ethyl ketone being those by 
which it is most readily dissolveli. Small quantities can be reciystal- 
Used from boiling glacial acetic acid. The melting point observed 
with a mercury thermometer immersed to the zero mark in a bath 
of mixed sodium and potassium nitrates was 390°. The corrected 
value is 409° (Found : C = 59-8 ; H = 2-5, CijHjOj requires 
C = 60'0; H = 2'4 per cent.). The compound dissolves in cold 
sodium hydrogen carbonate solution without the lactone rings being 
opened to any great extent, and is immediately reprecipitated 
when the .solution is acidified. If the solution in sodium hydrogen 
carbonate, however, has been boiled, or if the substance ha.s been 
dissolved in sodium hydroxide solution, the lactone rings are 
opened and on acidificat? jn no precipitate, or in stronger solutions 
an amorphous precipitate of the tetrabasic acid, is obtained. 

The following derivatives of the keto-dilactonic acid illustrate 
the stability of the keto-dilactonic group. For assistance with the 
preparation and investigation of these our thanks are due to Mr. 
A, F. R. Evans. 

/COjX /COj\ 

m Acid CMoride, ClOC-CsHa— C CeH 3 -COCl.-The 
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keto-dil»otoDic acid (16 grama) was moistened with phosphoryl 
chloride and heated for three hours at 100^120° with phosphorus 
pentachloride (19'2 grams). The phosphoryl chloride was removed 
by distillation under diminished pressure, and the residue crystallised 
from toluene. The compound consists of colourless needles melting 
at 187° (Found : Cl = 18'86. Cj^HjOjClj requires Cl = 18'83 
per cent.). 

-CO., -CO,. 

The Ethyl EsUr, COjEfCsH, O CeHs'CO^Et.-A solu- 

tion of the acid chloride in benzene was heated with excess of 
absolute alcohol. The ester was deposited on coohng, and after 
recrystallisation from alcohol and benzene melted at 215—217°. 
It is rather sparingly soluble in hot alcohol or acetone ; it dissolves 
much more readily in benzene (Found : C = 63-7 ; H = 4-0. 
CziHisOj requires C = 63-6; H = 4-0 per cent.). 


Resolution of the Keto-dilaetonic Acid. 

The d'EetO'diloctonic Acid, — The keto-dilactonic acid {8'43 grams) 
was suspended in methyl alcohol (100 c.c.) and a solution of l-x- 
phcnylethylamine (6-0 grams), of specific rotation [a]),- ''' - 40-4°, 
in methyl alcohol (5 c.c.) was added drop by drop. When all the 
base had been introduced, dry ether (105 c.c. )was added. After 
stirring for ten minutes, the crystalline salt was collected. It 
weighed 8’5 grams. The keto-dilactonic acid was then liberated by 
digesting with dilute hydrochloric acid (d 1-08). After careful 
washing with water, it was dried, and weighed 4-9 grams. This acid 
was again combined with the J-base as before and the whole process 
was repeated a number of times. After the fourth salt-formation 
the keto-dilactonic acid gave the following data when polarimetrically 
examined in methyl ethyl ketone solution; 1-617 grams in 13-1 c.c. 
gave a'n*' + *-55° (1 = 2), whence [iJK 18-4°. After a fifth 
salt-formation, 1-0163 grams in 13-1 c.c. gave ag + 2-95° (i = 2), 
whence [a]',; 19-03°. After the acid had been subjected to a 

seventh salt-formation, the salt was recrystallised from hot methvl 
alcohol -with subsequent addition of ether. The liberated acid 
(0-5181 gram) in 6-68 c.c. of methyl ethyl ketone gave ag' -f 1-51° 
(I — 1), whence [a]}? -f 19-5°. This value agrees with that of the 
optically pure !-acid. 

The \-Keio-dilactonic Acid . — The keto-dilactonic acid (18-4 grams) 
was suspended in methyl alcohol (180 c.c.) and a solution of d-«- 
phenylethylamine (13-1 grams), of specific rotation -f 40-4°, 
in methyl alcohol (20 c.c.) was added drop by drop. After all the 
base had been introduced, anhydrous ether (160 c.c.) was added. 
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Stirring was continued for fifteen minutes. The salt thus obtained 
(16-6 grams) was recrystallised from methyl alcohol (350 c.o.) and 
ether (550 c.o.). The weight of the recrystaUised salt was !■() 
grams. After two further reerystallisations from methyl alcohol 
and ether, 4-8 grams of salt were obtained. Of this 1-8 grams were 
decomposed with dilute hydrochloric acid and the resulting acid 
was examined in the polarimetcr; 1-05 grams in 13-1 c.c. of methy] 
ethyl ketone gave a',;' — 3-15° (I — 2), whence [»]()' ~ 19-6u“. 
The remainder of the salt (3 grams) was again crystallised from 
methyl alcohol (80 c.c.) and ether (200 c.o.). Of the resnlting 2-4 
grams, 1-9 grams were decompo.sed. The acid obtained (TO , 5 
grams) in 13-1 c.c. of methyl ethyl ketone gave alf — 3'15° {I = 2) 
whence [i],) — 19-65°. A fourth recrystallisation of the salt had 
failed therefore to produce any further rise in optical rotatorv 
power, and it was concluded that the optically pure 1-acid had been 
obtained. 

The specific rotation in methyl ethyl ketone solution varies 
considerably with the concentration. This is shown by the 
following observations on the pure 1-acid. 

1-48 grams in 13-i c.c. gave alJ — 4-62° (1 = 2), 
whence [a]lf — 20-44°. 

0-45 gram in 13-1 c.c. gave a)) - 1-22° (1 = 2), 
whence [a]',f - 17-76°. 

The 1-acid melts at 407° (corrected). 

Action of Sodium Hi/drogm Carbonate. — The effect of a solutioji of 
sodium hydrogen carbonate on the active acid was examined in 
order to investigate the stability of the keto-dilactonic rings towards 
this reagent. The pure la>vo-acid (0-452 gram) was dissolved in a 
solution of sodium hydrogen carbonate (0-82 gram, that is, rather 
more than three and a half times the equivalent quantity) and the 
.solution was diluted to a volume of 13-1 c.c. and examined in the 
polarimetcr as rapidly as possible. The observed rotation was 
+ 0-18° (1 = 2). Thus the 1-acid gave a dextrorotatory 
sodium salt. After one hour, the same solution show-ed k]? + (I'lO ’ 
(1 = 2), After eighteen hours, tlie activity had disappeared. 


Lactone of Benzhtjdrol-i : 4 : 2' ; i' -letracarboxylic Acid. 

.COj 

CO^H-C.H, CH-CeHjlCO^H),. 

This compound was prepared by reducing the keto-dilactonic 
acid with zinc dust and ammonia. The keto-dilactonic acid (4 
grams) was dissolved in aqueous ammonia, d 0-88 (40 c.c.), and zinc 
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Just (12 grams) was added in three portions at intervals of twenty 
minutes while the mixture was heated on the water-bath. The 
precipitate obtained by acidifying the filtrate from the excess of 
jinc dust was crystallised from 60 per cent, acetic acid. The keto- 
(lilactonic acid can also be readily reduced to the lactonic acid by 
suspending it in 50 per cent, acetic acid and heating with excess 
of zinc dust. The lactonic acid cryatallises in slender needles 
melting at 309— 3ir (Found: C = 59-4; H = 3d. C'ljHioOj 
requires C = 59-6 ; H = 2-9 per cent.). When a solution of the 
lactonic acid in aqueous sodium hydroxide solution is acidified with 
dilute sulphuric acid, no precipitate appears at first ; after a short 
time, however, a gradual deposition of the lactonic acid begins, the 
separation being greatly accelerated by heating the solution. 

Resolution of the Lackmic, Acid. — The acid (5' 13 grams) and 
anhydrous brucine (7 grams) were dissolved in rectified spirit 
(1200 c.c.) and the solution was inoculated with crystals of the salt 
which had been obtained previously. The liquid was allowed to 
evaporate slowly for six weeks ; its volume had then become reduced 
to about one half and a crop of crystals of brucine salt had been 
deposited. By decomposition of this salt with dilute hydrochloric acid 
{d 1'08) and careful removal of the brucine, 2-65 grams of lactonic 
acid were obtained, which proved to be strongly lavorotalory. 

fl’3046 Gram in 13'1 c.c. of methyl ethyl ketone gave ait -- 11'97° 
(I = 2), whence [«]i; — 258°. 

0'2 Gram in 30 c.c. of acetone gave »i;’ — 6-13° {I = 4), whence 
[«]ir - 229'9°. 

This l-acid (0-3 gram) was dissolved in dilute aqueous sodium 
hydroxide solution (13-1 c.c.) and examined in the polarimeter. 
No trace of optical activity could be observed. The 1-lactonio acid 
is much more soluble in alcohol than the inactive form. It crystal- 
lises from 50 per cent, alcohol in hemispherical aggregates of small 
needles. The acid recovered from the mother-liquor from which 
the brucine salt had crystalUsed showed a small dextrorotation. 


Fusion of the. Keio-dilaeionic Acid with Potassium, Hydroxide. 

The keto-dilaetonic acid (3 grams) was dissolved in a little aqueous 
potassium hydroxide solution, and added to solid potassium hydr- 
oxide (40 grams), and the mixture wa.s heated at 280 — 285° for 
three hours. When cold, the melt was dissolved in water, dilute 
sulphuric acid was added so as to leave the liquid slightly alkaline, 
and the precipitated potassium sulphate was removed. The 
filtrate was then acidified, when a sparingly soluble acid was pre- 
cipitated, the weight of which, after recrystallisation from dilute 
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alcohol, was l-l grams. This was shown to be isophthaJio acid 
After purification by distillation and further recrystallisation, it 
melted at 324° (uncorr.), and a specimen of pure isophthaHc acid 
prepared by the oxidation of m-xylene, as well as a mixture of the 
two preparations, melted at the same temperature. The equivalent 
was found to be 83-8 (calc., 83). The methyl ester, prepared by 
heating the acid with methyl alcohol and sulphuric acid, melted at 
62'5° (the ester apparently contained a trace of a less soluble impurity 
and the melting point was not raised by repeated crystallisation). 
The melting point of a mixture of this ester with pure methyl iso. 
phthalate, which melts at 63 — 64°, was 62-5°. 

TrimdlUic Acid. — The filtrate from the crude isophthalic acid 
was saturated with ammonium sulphate and extracted three times 
with ether. By evaporation of the ether an acid was obtained which 
was readily soluble in water. To separate from traces of wuphthalic 
aoid this was converted into its barium salt (barium isophthalate is 
easily soluble in water) by heating its solution in dilute ammonia 
with barium chloride. The barium salt was slowly deposited from 
the hot solution. It was collected, redissolved in dilute hydro, 
chloric aoid, and reprecipitated by heating after neutralising with 
ammonia. The aoid was isolated from the barium salt by dis- 
solving in hydrochloric acid and extracting with ether. The acid 
thus obtained weighed 0-85 gram, the purification through the 
barium salt being attended with considerable loss. It was re- 
crystallised by dissolving in hot water (3 c.o.) and adding concen- 
trated hydrochloric aoid (4-5 c.c.) (Found : C = 51-24; H = 3-1. 
Calc., C = 61-4; H = 2-9 per cent.). 

The aoid melted at 228 — 230°. Ekstrand gives 228° as the 
melting point of trimellitic acid {J. pr. Chem., 1891, [ii], 43, 429), 
Baeyer {Ber., 1899, 32, 2443) gives 224 — 225°. 

Trimellitic Anhydride. — The acid was heated in a bath at 210— 
220° under diminished pressure (2 mm.), when the anhydride 
sublimed (Found: C = 56-0; H — 2-2. Calc., 0 = 66-25; 
H = 2-0 per cent.). It melted at 159 — 162°. Baeyer (Armakn, 
1873, 166, 341) gives 157—158° as the melting point of trimeUitio 
anhydride, and Schultze (Annalcn, 1908, 359, 142) gives 162-5— 
163-5°. 

One of us (C. K. N.) is indebted to the Department of Scientific 
and Industrial Research for a grant, for which he desires to express 
his thanks. 


University Chemical Labohatoby, 
CAMBBrnCE. 


[ Received , November Ibth , 192L] 
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CCXLIII— ProrfMcttom of Picric Acid frcm the 
Sulphonic Acids of Phenol. 

By Roth King. 

The preparation of picric acid from phenol by the successive action 
of sulphuric and nitric acids has engaged a considerable amount of 
attention. Since better yields of picric acid are usually produced 
when an amount of sulphuric acid is employed sufficient to give a 
very considerable proportion of phenol-2 ; 4-disulphomc acid, the 
view that the formation of this acid is necessary before proceeding 
to nitration has been accepted in many quarters as correct. 

That the certainty of a good yield is increased by the disulphona- 
tiou of phenol has been confirmed by Marqueyrol, Carre, and Loriette 
[Bull. Soc. chim,, 1920, [iv], 27, 143), but the fact remains that in 
some manufacturing processes good yields are obtained from 
mixtures containing a considerable amount of phenol-4-sulphonio 
acid, so that evidently high sulphonation is not the only factor 
which comes into play. Phenol-4-3ulphonic acid can give yields 
up to 79 per cent, of the theoretical, if nitrated in presence of a 
large excess of concentrated sulphuric acid, whilst 2-nitrophenol- 
4-sulphonio acid will give a yield up to 83 per cent, of that theoretic- 
ally obtainable if nitrated in presence of sufficient sulphuric acid. 

In the case of phenoI-2 ; 4-disulphonic acid, nitrolysis of the 
p-sulpho-group is preferred ; if 6-nitrophenol-2 : 4-disulphonic acid 
is subjected to nitrolysis, the sulpho-group in jiosition 4 is preferen- 
tially replaced and 4 : 6-dinitrophenol-2-sulphonic acid first formed. 



This result is complementary to that of Marqueyrol, Carre, and 
Ix)riette (foe. cii.), w'ho found that picric acid is produced more 
rapidly from 2 : 6-diuitrophenol-4-sulphonic acid than from the 
isomeric 2 : 4-dinitrophcnol-6-8nlphonic acid. The present author 
lias also obtained excellent yields of picric acid by the nitrolysis 
of 2 ; 0-dinitrophenol-4-sulphonic acid, a very small amount of 
oxalic acid being produced at the same time. 2-Nitrophe.nol-4- 
sulphonic acid gives more oxalic acid under the same conditions; 
even greater amounts arc formed from phenol-4-sulphonio acid, 
but the quantity obtained is dependent largely on the concentra- 
tion of the sulphuric acid; the greater this is, the smaller is the 
quantity of oxalic acid produced. 
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To obviate formation of oxalic acid and dinitrophenol, the latter 
of which shows great resistance to further nitration by diluted acids 
it is essential to monosulphonate the phenol in position 4, and 
desirable to introduce a second sulpho-group in position 2, or 
alternatively, to nitrate the plienol-4-sulphonic acid in presence 
of a considerable excess of sulphuric acid. Phenol-2 : 4 : 6-trisuI. 
phonic acid is prepared only by very drastic sulphonation ; the 
amount in an ordinary sulphonation mixture is consequently 
negligible. 

In studying the manufacture of picric acid from phenol by the 
usual proce.S3 of successive sulphonation, dilution, and nitration, 
the following facts must be considered. 

1 . The sulphonation mixture consists almost entirely of phenol. 
4-sulphonic acid, phenol-2 : 4-disulphonic acid, and an excess of 
ooncontrated sulphuric acid. 

2. When nitric acid acts on a phcnolsulphonic acid in presence of 
excess of concentrated sulphuric acid, hydrogen of the nucleus is 
replaced by the nitro-group. 

3. In presence of dilute sulphuric acid, .sulpho-groups are replaced 
by the nitro-group. 

4. In dilute acid solution, nitric acid exerts an oxidising action 
resulting in the formation of oxalic acid ; this is the more marked 
as the phenol nucleus is less protected by substituents. 

The author bases the views expressed above on a study of the 
action of diluted nitric acid in presence of sulphuric acid on the 
following compounds. 

(a) Pheiiol-4-sulphouic acid. 

(A) PhenoI-2 : 4-disulphonic acid. 

(c) 2-Mtrophenol-4-sulphonic acid. 

(d) 4-Nitrophenol-2-sUlphonic acid. 

(e) 2 : 6-Diuilrophenol-4-.sulphonie acid. 

(f) 4 : 6-Dinitrophenol-2-sulphonic acid. 

(g) G-Hitrophenol-2 : 4-disulphonic acid. 

Since the formation of phenol-2-sulphonic acid, phenol-2 : 6- 
disulphonic acid and phcnol-2 : 4 : 6-tri.sulphonic acid in the sul- 
phonation mixture is neg’'gible, neither their nitration nor that of 
4-uitrophenol-2 : 6-disnlphonic acid has been studied. 

Experimental. 

(a) PhenolA-sul'phomc Acid. 

This acid (Kekule, Zeitsch. Ghem., 1867, 199; Ber., 1869, 2, 330; 
Post, Anncdeti, 1880, 205, 64) was used in the form of its pure 
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crystallised sodium salt; the formula assigned to it by Shadwell 
(Jake^b., 1881, 874) was controlled (Found : HjO = 15-8 ; Na=ll-4. 
C,H,504SNa,2H20 requires HjO = 15'5; Na = 11-7 per cent.), 

Weighed amounts of the salt, sulphuric acid, and water were 
treated with a known amount of nitric acid, the latter being added 
slowly, as the reaction is apt to be violent when much sulphuric 
acid is present. 

AU the solutions turned red. They were cooled and kept over- 
night. By next morning all had retained their red colour, whilst 
a reddLsh-brown solid floated on the surface, with the exception 
of mixtures 1 and 2 (see below), in which a yellow solid had also 
been deposited. 

The mixtures were then heated tor eight hours at 100°; oil 
separated iu mixtures 4, 5, 6, and 7, this separation being more 
marked and disappearing more slowly the lower the concentration 
of the sulphuric acid. It was noticed that, after cooling, mixtures 
1 and 2 retained a red tint, whilst mixtures 4, 5, 6, and 7 were pale 
yellow, this tint decreasing regularly as the ratio of water to sulphuric 
acid increased. 

The picric acid was filtered off, washed with 60 c.c. of water, 
dried to constant weight at 75°, and weighed, and the melting point 
was determined, 

No further yield of picric acid was obtained by after-nitration 
of the filtrate with 7 c.c.. of nitric acid of C7 [ler cent. 

Nitric 


Sodium Sulphuric acid (67 


Expt. 

salt at'id (95 

(0*1 mol.), per cent.). 
Grams. Grama. 

Water. 

Grams. 

per cent. ; 
0’4 mol.). 
Grams. 

Yield. 

Grams. 

Yield 

per 

cent. 

M. p. 


23-2 59-6 

0 

39-9 

18-1 

79 

120-121* 

2 

60-9 

10 

391 

17-4 

76 

120 

3 

» 611 

20 

40-3 

17'6 

77 

120 

4 

„ 59-8 

30 

39-1 

17-T 

77-3 

120 

6 

„ 38-6 

40 

405 

17-7 

77-3 

118-120 

6 

„ 30 

50 

40 

16-7 

73 

100-113 


« 20 

60 

40 

16-1 

70-3 

below 92 


Separate experiments showed that more oxalic aciu w a.s produced 
in presence of dilute than of concentrated sulphuric acid. 


{b) Phenol-'Z : i-die id phonic -Icid. 

The free acid is deliquescent (Griess, Aiumlen, 1866, 137, 69; 
Kekule, Zeilsch. Chem., 1866, 693), but well-crystalUsed barium 
(Zingel, Jahresb., 1885, 1597) and sodium salts exist. Zingd 
describes the barium salt as crystallising with 4 molecules of water. 
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The metal content was checked in an anhydrous specimen (Found ■ 
Ba = 34'2. Calc., Ba = 35-2 per cent.). 

The Sodium Salt. — Direct preparation of this salt from a sulpha, 
nation mixture is usually an uncertain operation, but the following 
method gave good results : one hundred grams of phenol and 
400 grams of oleum (23 per cent.) were heated at 100° for three and 
a half hours and poured into a solution of 450 grams of sodium 
sulphate (Na2SO4,10H2O) in 500 c.c. of water at 32°. On the 
next day, the crystalline precipitate was collected, washed with a 
little water, and dried in the air. 

The product had a sUghtly brown tinge and weighed 200 grams ■ 
the weight of the anhydrous product, dried at 120°, was 180 grams 
(about 57 per cent, of the theoretical) (Found : Na = 14 ’ 97 . 
Calc., Na = 1543 per cent.). 

In several preparations, a colloidal mass was obtained in place 
of the well-defined crystals referred to above. The salt, when 
collected and dried, always gave results too low in sodium (Found ; 
in different preparations, Na = 14-9, 13-6, 14-6 per cent,). 

Such results would be obtained if the phenoldisulphonic acid had 
condensed with itself to give a diphenolsulphonetrisulphonio acid, 
but sulphur estimations to confirm this supposition have not been 
carried out. 

That phcnol-2 : d-disulphonio acid gives good yields of picric 
acid remarkably free from dinitrophenol, has been establi-shed by 
other workers (private communication from Dr. Clarence Smith; 
Marqueyrol, Carre, and Loriette, loc. oil.). 


(c) 2-yitropheKol-isulphonic Acid. 

This acid has been previously described as crystallising with 
SHjO. Hydrated, it is said to melt at 51-5°; in the anliydrous 
condition, at 122°. It has been prepared by sulphonation of 

0- nitrophenol with fuming sulphuric acid (Kekule, Zeitsch. Chem., 
1867, 64) and with chlorosulphouic acid (Armstrong, ibid., 1871, 
321 ; Mazurowska, J. pr. Chem., 1876, [ii], 13 , 171), or by nitrating 
phenol-4-sulphonic acid (Kolbe and Graube, Annahn, 1868, 147, 
71; Kekule, Ber., 1861', 2 , 333; Komer, Jahresb., 1872, 605). 
It is also obtained by the action of potas.sium hydroxide on 

1- bromo-2-nitrobenzene-4-sulphonic acid (Goshoh, Annakn, 1876, 
180 , 105) and on 2-nitroaniline-4-sulphoriic acid (Nietzki and 
Lerch, Ber., 1888, 21 , 3221). 

The Sodium This was very readily prepared by the follow- 
ing method : 120 grams of crystallised sodium phenol-4-sulphonate 
dissolved in 300 c.c. of hot W'ater were treated with 72 c.c. of nitric 
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acid (d 1’^) oourae of fifteen to twenty minutes, the tempera- 
ture during nitration being kept at about 60°. The reaction pro- 
ceeded quite smoothly and was accompanied by slight fuming, 
especially towards the end of the reaction. On cooling, an orange, 
crystalline salt separated. In one experiment, supersaturation 
was very noticeable. The salt was collected and washed with a 
little water ; the crystals became paler in colour on drying. One 
hundred and twenty grams of the p-sulphonate gave 128 grams of 
sodium 2-nitrophenol-4-sulplionate (about 83 per cent, of the 
theoretical yield). After recrystallisation, the following figures 
were obtained on analysis (Found : H^O = 18'7 ; Na = 9-50. 
C8H40cNSNa,3H20 requires HjO = 18-7 ; Na = 9‘55 per cent.). 

In the preparation described, nearly two molecular proportions 
of nitric acid were employed for one of sodium phenolsulphonate. 
With a lower proportion of nitric acid (140 e.c.) to the phenol- 
sulphonate (300 grams), the yield was seriously reduced (150 grams). 

A further quantity was recovered by evaporation, but in an 
impure condition. On the other hand, attempts to increase the 
yield by the addition of more nitric acid after the first separation 
of salt led to the formation of 2 : 4-dinitrophenol, so that it is 
obviously advisable to cool well and to recover as much of the 
oitrosulphonate as possible in the first instance. 

In an actual experiment in which 172-8 grams of the nitro- 
sulphonate were obta,ined from 250 grams of sodium phenolsul- 
phonate, an attempt was made to recover more of the nitrosul- 
phonate by adding a further 10 c.c. of nitric acid (d 1-4) to the 
filtrate and warming until fumes ceased to be evolved. A yellow 
sohd separated on cooling, which was very slightly soluble in cold 
water and after recrystallisation from boiling water melted at 
112—113°. The melting point of the mixture rvith an authentic 
specimen of 2 : 4-dinitrophenol proved the identity of the compound, 
of which 20 grams were obtained. 

It is evident that the sodium 2-mtrophenoi-4-sulphonate in the 
solution underwent nitrolysis by the treatment, according to the 
equation : 

OH OH 

\/ \/ 

SOjH NOj 

As will be seen later, 2 : 6-dinitropheaol'4-sulpliomc acid may be 
obtained as the chief product of the reaction between 2-rLitrophenol' 
4-sulphonic acid and dilute nitric acid, provided that an excess of 
sulphuric acid is present. 
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The. Barium Salt . — This was prepared by precipitating the solu. 
tion of the sodium salt with barium chloride; Kekule’s formula 
(CjHjOjNSjjBajHjO, was confirmed. 

yfe Free Acid . — This is described in the literature as orystallising 
with three molecules of water. A convenient method of prepara, 
tion is to dissolve the barium salt (which can readily be obtainetj 
in a state of purity) in hot water, precipitate \vith the calculated 
amount of dilute sulphuric acid, remove the barium sulphate, and 
evaporate the filtrate. The residue is dissolved in a small quantify 
of water, filtered from any residual barium sulphate, and again 
concentrated. Care has to be taken in concentrating, as the acid 
is very soluble in water, and in the hydrated condition melts at 
4fl° (given as 51-5° in the literature). The hydrated acid tonus 
long, pale yellow needles and dissolves in water with very marketl 
absorption of heat. Titration (with phenolphthalein as the indi- 
cator) gave a molecular weight of 2()8; NO 2 -CjH 3 (OH)'SO 3 H,H 20 
requires M = 272. The end-point was difficult to determine on 
account of the colour of the sodium .salt of the acid. 

Whilst phenol-4-sulphonic acid gives poor yields of picric acid of 
inferior quality when nitrated in presence of much water and little 
sulphuric acid, 2-nitrophenol-4-sulphonic acid gives much better 
results under the same conditions. In the following table, the 
results are given of the nitration of .sodium 2-nitrophenol-4-sul. 
phonate (+ dHjO), the amounts of water and sulphuric acid being 
varied. The procedure adopted was that described for sodium 
phenol-4-sulphonate. 


nitration of i-NitrophenolA-svl phonic Acid. 
(Heating at 100® for eight lioura.) 


Nitric 



Sodium 

Sulphuric 


acid (67 





salt 

acid (94 


per cent. ; 


Yield 



(O'l mol.)- per cent.). 

W'^ater, 

032mol.). 

Yield. 

per 


Expt, 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

cent. 

M. p. 


29-5 

61-2 

0 

30 

18'5 

80*8 

121® 

2 

,, 

59'1 

10 

33-9 

— 


— 

3 


60-5 

20 

30-4 

17-85 

78 

120 

4 


50-7 

30 

30-6 

18-2 

79*5 

119-120 

b 


44*3 

40 

29-5 

19-1 

83*5 

120421 

Q 


30 

50 

30 

18'95 

82*6 

119-120 

7 


20 

60 

30 

18*05 

78*8 

118-il9*o 


Comparison of experiments 6 and 7 of the two series shows very 
plainly the great improvement effected during nitrating in presence 
of small amounts of sulphuric acid when the molecule of the 
phenolsulphonate has been stabilised by the introduction of the 
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nitro-group. In this connexion, a pair of comparative experiments 
may be described. 

Ninety-four grams of phenol were sulphonated with 4 mols. of 
sulphuric acid (408-1 grams of 96-18 per cent.) to 187-3 per cent, 
sulphonation. Nitric acid (1-25 mols. ; 114-6 grams of 69 per cent.) 
was added in the cold. After mononitration, 460 c.c. of water 
were added, then 2-75 mols. of nitric acid, and the mixture wa,s 
heated at 100° for twelve hours. The yield of picric acid (m. p, 120°) 
was 80-8 per cent, of the theoretical. 

In the other experiment, 94 grams of phenol were sulphonated 
with 2 mols. of sulphuric acid to 133-2 per cent, sulphonation. 
. 4 fter cooling, a further 2 mob. of sulphuric acid were added and 
then 1-75 mols. of nitric acid. After ddution with 450 c.c. of water, 
nitrolysis was canied out exactly as described in tlie previous 
experiment. The yield of picric acid was 79 per cent, of that 
theoretically possible; the acid also melted at 120 °, but its 
appearance was inferior. 


(d) i-Nilrophenol-'2-sulphonic Acid. 

This acid has been obtained by sulphonation of p-nitrojihenol 
with fuming sulphuric acid (Post, Aimalen, 1880, 205, 38 ; Korner, 
Jahresb., 1872, 604), but not -with chlorosulphonic acid (Armstrong, 
Zeitisch. Ohm., 1871, 322). Stuckenberg (Annalen, 1880, 205, 
45) obtained the same acid by nitration of phenoho-sulphonio acid. 

The first of those operations was difficult to carry out (compare 
Graliam and Kneeht, ./. pr. Chem., 1906, [ii], 73, .619), the second 
is to be avoided on account of the difficulty in obtaining the neces- 
sary phenol-o-sulphonic acid. The following method has been 
worked out and found .satisfactory. 

p-Chloromtrobenzene is sulphonated (Claus and JIann, Annalen, 
1891, 205, 88 ; P. Fischer, Ber, 1891, 24, 3194) and l-chloro-4- 
nitrobeiizene- 2 -sulphonic acid isolated. It is unnecessary to follow 
Claus and Mann in first preparing the barium salt if the following 
method is adopted : — 100 grams of p-chloronitrobenzene and 600 
grams of fuming sulphuric acid ( 10 — 12 per cent, of SO 3 ) were 
heated for five hours in an oil-bath at 120- -130°, and the cooled 
product was poured into 1-5 litres of cold water. On removal of 
a small part of the sulphuric acid by the gradual addition of barium 
carbonate to the warm solution, a point was soon reached at which 
crystal.s of the sulphonic acid began to appear. The mixture was 
kept until the next day, when the solid ma.ss was filtered off and 
extracted with hot water. The barium sulphate was removed, 
and the filtrate deposited 1 10 grams of chloronitrobenzenesulphonic 
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acid on cooling, the yield being more than 63 per cent, of the 
theoretical (Found : N = 5-37, 4'fl8; S = 12-12 ; M (by titration) 
= 272-6. C 5 H 405 NC 1 S, 2 H 20 requires N = 5-12 ; S = 11-72 per 
cent.; Jlf = 273-5). 

In order to hydrolyse the chloronitrobenzenesulphonio acid, Ig 
grams of the free hydrated acid were dissolved in 50 c.o. of water 
and 6-8 grams of sodium hydroxide (slight excess over 3 mols.) 
added. After boiling for one and a half hours, and another 25 c.c. 
of water having been added, a deep yeUow, crystalline salt was 
deposited on cooling. Some of the salt was lost, so that only 
9 grama were collected. 

The salt proved to be the disodium salt, crystallising with 2 
molecules of water, described by Korner (Found : HjO = 12-16- 
Na = 15-3. Calc., HjO = 12-04; Na = 15-4 per cent.). 4-Nitro- 
phenol-2-suIphonio acid was not examined with regard to its 
nitrolysis. 

(e) 2 : Q-Dinitro-i.-sul'phonic Acid. 

The first attempt to prepare salts of this acid was made by 
nitrating sodium phenol-4-sulphonate in concentrated sulphuric 
acid : a mixture of 80 grams of the crushed anhydrous salt with 
160 grams of 96 per cent, sulphuric acid was cooled by ice and 
58 grams of nitric acid (d 1-5) were run in, the temperature being 
kept low. Towards the end of the reaction, the temperatm-e rose 
to 60° and the mixture became very pasty. On the next day the 
solid mass was dissolved in the minimum amount of cold water and 
the solution poured into a warm solution of 200 grams of crystal- 
lised sodium sulphate in 200 c.c. of water. On keeping, a pale 
yellow salt settled out, which was collected, and dried as com- 
pletely as possible at 100°- The material was still somewhat damp 
and in the crude condition weighed 200 grams. 

At first the salt was taken to be sodium picrate mixed -with 
picric acid; the latter was probably present to some extent, but, 
as will be seen below, 2 : 6-dinitrophenol-4-sulphonie acid gives tests 
similar to the wopurpuric and picramio acid reactions. Picric 
acid was not present in any considerable amount, because only a 
green coloration was produced with ammoniacal copper sulphate, 
but no crystals were deposited. Further quantities of the required 
salt were prepared from sodium 2-nitrophenol-4-sulphonate, follow- 
ing the directions given by Beyer and Kegel (D.R.-P. 27271 ; Fried- 
lander, “ Fortschritte dcr Teerfarbenfabrikation,” I, 324) for the 
preparation of tho corresponding potassium salt. 

The salt obtained from tho strongly acid solution crystaUised 
from a small quantity of boiling water in pale yellow plates, 
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the yield of purified material being only 37 grams (Found : 
fj^O = 15'84; Na = 6-52, 6-95. C 0 H 3 OgN 2 SlIa, 3 H 2 O requires 
HjO = 15'88 : Na = 6-96 per cent. Found : in the anhydrous 
salt.S = ll'Sfi- Calc,, S = 11-19 per cent.). It was mentioned above 
that the salt was at first mistaken for picric acid. The yellow plates 
much resemble picric acid, but are very readily soluble in water. 

The ammoniacal aqueous solution gives a red colour with a 
solution of potassium cyanide ; this was mistaken for the isopurpuric 
acid reaction, with which it evidently corresponds. The reaction 
ia interesting as showing the equivalence of the two structures— 
OH OH 

NOgANO^ and ^ 02^^02 

\/ \/ 

SO3H NO2 

as far as the replacement of the hydrogen atoms in positions 3 and 
5 by cyanogen and the reduction of one nitro-group are concerned. 

With ammonium sulphide, the red coloration corresponding with 
the picratnio acid reaction is only slowly produced. The distinc- 
tion from sodium piorate is shown on addition of concentrated 
sulphuric acid to the saturated aqueous solution, no precipitate 
being produced. It is interesting to note that Marqueyrol and 
Carre (Bull. Soc. chim., 1920, [iv], 27, 127) obtained sodium 2 : 6 - 
dinitrophenol-4-sulphonatc by the further nitration of the mono- 
nitrophenol-p-sulphonate. 

The Barium Salt . — This was obtained from the sodium salt by 
precipitating its solution with barium chloride solution. The 
precipitate was collected and crystallised from a large quantity of 
boiling water, in which it is somewhat sparingly soluble. It is 
nearly insoluble in cold water. The small, orange-red needles con- 
tain water of crystallisation and are derived by displacement of 
two hydrogen atoms in the acid by barium 


OH 

no/Nno, 


/ 

SOjNa 




+ BaCl2 = 


NO, 


0 
I I 

/\=N;0 


I 


-h NaCl + HCl. 


>Ba 


Balcntine (Annaten, 1880, 202, 358) described a salt, 
CjHjOgNjSBajxHjO, 

as being nearly insoluble in water, and Bertram described a salt, 
CjHjOgNjSBa.SJHjO, as belonging to the mouoclinic system 
(Jahreeb., 1882, 368). In order to get the salt to constant weight, 
it was found necessary to heat it at 150° ; the water content does 
not agree with Bertram’s result (Found ; HjO = 10-65 ; Ba = 30-58. 
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CjH208N2SBa,2JH20 requires HjO = 10-13 ; Ba = 30-92 per cent ). 
The anhydrous salt is crimson. 

The Free Acid. — A solution of the barium salt in hot water was 
treated with dilute sulphuric acid until no further precipitate was 
formed, the barium sulphate filtered off, and the solution evaporated 
After concentration to a small bulk, small, transparent crystals 
tvere deposited, which were yellow when moist, but colourless when 
dry. After recrystallisation, the melting point of the hydrated acid 
was about 111° (not sharp) ; the sulphur content corresponded with 
2 molecules of water of crystallisation, not with 3 molecules as 
described by Brunnemann (Annalen, 1880, 202, 348) (Found ■ 
S = 10-9; HjO = 11-4. C5H308N2S,2H20 requires 8 = 10.7. 

HjO = 12-0 per cent.). 

The free acid gave a red coloration with ammonium sulphide on 
keeping for some time. 

It was previously mentioned that 24 grams of material separated 
during the boiling of the sodium phenolsulphonate with dilute nitric 
and sulphuric acids. This was found to melt at 113 — 114°, and 
there was no depression when it was mixed with 2 ; 4-dinitrophenol. 
The original, low melting point may be ascribed to admixture 
of picric acid. 

The action of a hot diluted mixture of nitric acid and sulphuric 
acids on 2-nitrophenol-4-sulphonic acid may be represented by the 
following scheme : 



OH 

\/ 

SO3H 


OH 


v/ 


NO2 

When no excess of sulphuric acid is present, the second reaction 
predominates. Since -iinitrophenol is converted into picric acid 
only by nitration in a mixture of concentrated sulphuric and nitric 
acids, it is evident that a predisposing cause of the formation of low- 
grade picric acid (due to admixture of dinitrophenol) is to be found 
in the presence of phenolmonosulphonic acid in the sulphonated 
mixture, and that this may be largely remedied by nitration in 
presence of an excess of sulphuric acid. 

Continued action of dilute nitric acid on 2 ; 6-dinitrophenol-4- 
mlphonic acid, can, however, give rise to picric acid. This explains 
the fact that good results have been obtained in practice when 
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phenol has been subjected to a low initial sulphonation, but has been 
subsequently mixed with waste' acid, that is, with a considerable 
excess of sulphuric acid, and subjected to a thorough after-nitration 
Under such conditions, one may expect the formation of 2 ■ 6- 
dinitrophcnol-4-suIphonic acid rather than 2 ; 4-dinitrophenol ; 
the former will give picric acid with ease, whilst the latter will not’ 
The sulpho-group is readily replaced by bromine. A solutioi. 
of sodium 2 : 0-dimtrophenol-4-su!phonate was treated with 
bromine water in slight excess; the yellow, crystalline precipitate, 
after being washed and dried, melted at 76^ .Vfter recrystallisa- 
tion from hot water, it melted at 77—78°. 

The same compound was also. obtained from the free acid and 
bromine water. Komer {Jahresb., 1875, 339) obtained the same 
eninpound by bromination of 2 : fl-dinitrophenol and gave the 
m.p. as S5'6°. As there seems to be some di.screpancy in the 
literature as to the melting point of 4-broMio-2 ; 6-dinitrophenol, 
a specimen wa-s prepared by the bromination and .subsequent 
nitration of o-nitrophenol (Arm.strong and Prcvo.st, Ber., 1874 7 
922). No lowering of the melting point was observed when a 
portion of this specimen was mixed with that produced from the 
dinitiophenolsulphoiiic acid by the addition of bromine; the 
orientation of the clinitrophenolsulphonic acid was tliiis confirmed 
(Jlarqueyrol and Carre, BiiH. Soc. chim., 1920. 27, 127, give 83° as 
the melting point of 4-bromo-2 : O-dinilrophonol). 

-4n attempt to moderate the violence of the reaction, in the 
nitration of 4-bromo-2-nitrophcnol by a mi-xture of .sulphuric and 
nitric acids, was made by nitrating in the presence of acetic acid. 
This, however, led to the production of picric acid (the replace- 
ment of bromine by the nitro-groiip is worth noting). 

Sitraiiou of 2 : ii-dinilropkciiol i-mlphonic Acid. 

(Heating at 10(1' for eight hours.) 


Sodium Sulphuric m-id (67 

salt acid (&4 percent.: 

(01 mol.}, percent.). Water. U-21 mol). 
Grams. Grams. Grams. Grams. 

Yield. 

Granus. 

Yield 

per 

cent. 

p. 

34 60 0 20 

10 

82-2 

ur 

xr 60 20 „ 

10 

82-S 

120 

M 50 30 

211 

91-7 

120-121 

XX 40 40 

20-4 

88-8 

120 

-X 20 60 

18-4 

SO-3 

118-110 

(/) 4 : O-Dinilrophenol-i-svIplioiik Acid. 



This acid was prepared substantially bv Ullman and Herre’s 
method (Anmlen, 1909, 366, 114). p-Chloronifrobeuzene was 
successively sulphonated, nitrated, and hydrolysed- 

t'OL. CXIX. J . > 
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Cl 

Cl 

Cl 

OH 

/\ 

1 1 - 


-> NOoj^'^lSOjH 

-> NO^j/^SOgH 

\/ 

\/ 

\/ 

\/ 

N02 

NO3 

NO2 

NOj 


The oripiitation of the groups was confirmed by treating the salt 
in aqueous solution with bromine water. The precipitate melted 
at 118-5°. 2-Bromo-4 : G-dinitrophenol melts at 118-2“: 

OH . OH 

NOjj/'^lSOaH I ^ _ N03|/'^Br ^ ^ 

\/ \/ 

NO.J NO2 

4 : (i-I)initrophenol-2-.sulphonic acid, like its isomeride, may be 
<leri\ ed from 6-nitrophenol-2 ; 4-disulphonic acid by partial 
nitroly.sis. Marqucyrol and Carre {Bull. 80 c. chim., 1920, [iv], ZI, 
127) have isolated this compound from the mother-liquors obtained 
in the manufacture of picric acid in larger (juantities than the 
isomeride. 

In a particular experiment made by the present author, the 
former yielded 89 per cent, ‘of the theoretical amount of picric add 
after nitrolysis at 100“ for only two hours. 

{g) d-Xitrophcnol-i : i-disulphonk Acid. 

Although this acid must be produced from phcnol-2 : l-di- 
sulphonic acid by the action of nitric acid, it is strange that it docs 
not seem to have been isolated from the picric acid mixture. 

It was first prepared by nitrating (1 mol. of HNO3, d 1-5) phenol- 
disulphonic acid liberated from the barium salt in presence of four 
times its weight of concentrated sulphuric acid, the mixture being 
externally cooled by ice during the process. The mixture having 
been diluted with four times its volume of water, barium carbonate 
was added, the solution boiled, and the barium salt isolated in the 
usual manner. The yellow salt turns red on heating at 120°, but 
regains its yellow colour on exposure to air after cooling. On 
account of the avidity with which water was absorbed, the anhydrous 
salt was analy.sed ; it contains three equivalents of barium [Bound : 
Ba = .39-9. (C|iH 205 XS 2 ). 3 Ba 3 requires Ba = 41-0 per cent.]. 

For the preparation of considerable quantities of the barium salt, 
intermediate isolation of the phenoldisulphonic acid is unnecessary. 

Phenol (500 grams) and 2000 grams of oleum (23 per cent.) were 
heated at 100° for four hours, then cooled, diluted by the additioi 
rf small pieces of ice (about 150 grams), and nitrated by the slov 
addition of 254 c.c. of nitric acid (d 1-5). The mixture was coolec 
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externally and the temperature was not allowed to exceed 20°. 
The mixture, which formed a solid mass on keeping, was dissolved 
in 8 litres of water, neutralised with barium carbonate (about 
kilos.), and worked up in the manner previously described. The 
crude barium salt was recrystalhsed twice, the weight obtained 
being 850 grams. The salt was dehydrated before analysis (Found ; 
Ba = 40-7 per cent.). 

Thf, Free. Acid . — This may be obtained from the barium salt, but 
an alternative process has been worked out. 

Phenoldisulphonic acid prepared from its barium .salt was nitrated 
in the manner previously described ; on keeping for some days, the 
iiitrophenoldisulphonic acid crystallised out. It was filtered over 
asbestos and the adherent sulphuric acid removed by the following 
procedure : the solid was washed rei)eatedly with small quantities 
of ether, then dissolved in the minimum quantity of ether and a 
considerable exce,ss of chloroform added. The acid was filtered oil 
and the process repeated. As the sulphuric acid is removed, the 
solubility in ether diminishes. 

After a third precipitation by chloroform, the, acid was dissolved 
ill water, the solution filtered, and evaporated at 100°. After some 
hours, crystals began to form, and concentration was then con- 
tinued in a vacuum desiccator. The acid was drained on tile, 
and obtained as colourless, silky needles. 6-Xitrophenol-2 : 4.di- 
siilphonic acid is extremely deliquescent; the aqueous solution 
is pale yellow, and becomes intensely yellow on addition of alkali 
(Found : N = 3'88. C„H 50 ^S 2 , 2 H 2 b requires N ^ 4-18 per 
cent. The equivalent weight, by titration, = 113-0. Calc., 111'7). 
Since the titration is not very easily performed, it is pos.sible that 
the acid crystallises with (Calc., N — 3'9fi per cent.). 

Bromine water added to a solution of the free acid gave a pre- 
cipitate which melted at 117° after washing and drying, and at 
117’0° after recrystallisation from water, 2 ; 4-Dibromo-f)-nitro- 
pheriol melts at 117-o° (Arzruni, Jahrejsb., 1877, .548) ; 


OH 

\/ 


SO3H 


OH 

-f 2Br2+ H.,0 = I®'’ + 2HBr + 2H,KO,, 

\/ 

Br 


Formation of 2 : i VbiHroplienol. 

It has been pointed out that dinitrophenol is formed by nitrolysis 
of 2-nitrophcnoI-4-sulphomc acid. The latter compound prob- 
ably owes its origin as a general rule to plienol-4-sulphonic acid 
(low degree of sulphonation). 


4 0 2 
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Nifrolysis of Sulpho-groups in the ortho- and 'paTa,-Positions. 


It was stated in the introduction that a sulpho-group is more 
readily displaced by the nitro-group from position 4 than from 
position 2. This is shown by the following experiment. It was 
thought advisable to avoid complications due to replacement of 
hydrogen in the nucleus, and therefore 6-nitrophenol-2 : 1-dt 
sulphonic acid was selected for the experiment. 

The trisodium salt (77-5 grams; 0-2 mol.), containing .7'86 per 
cent, of moisture, was finely crushed, mixed with 68-6 grams of 
sulphuric acid (96 per cent.), the mixture was diluted with its own 
volume of water, and heated for two hours at 100“ with 22-84 grams 
of nitric acid (69 per cent.; 1-25 mols.). The reaction was not 
violent, brown fumes were evolved, and, on cooling, the whole 
mass soMdified; 54 grams of material were isolated. The major 
portion was separated into three fractions. The first (7 grams) 
consisted essentially of picric acid, the second (2-5 grams) also 
contained picric acid and was neglected. The main crop (32 grams) 
was fractionally crystallised ; the four crops obtained, when treated 
with bromine, gave brown compounds with melting points varying 
from 113° to 118°. No depression of melting point was observed on 
admixture with a specimen of 2-bromo-4 : 6-dinitrophenol (m. p. 
118-2°) ; the bromo-eompound must then have been produced from 
4 : 6-dinitrophenol-2-sulphonic acid. Care must be taken that 
bromine is not added in large excess to the dinitrophenolsulphonate: 
Marqueyrol and Carre {he. cit.) have shown that under this condition 
4 : 6-dinitrophenol-2-sulphonic acid gives rise to 4-bromo-2 : 6- 
dinitrophenol to a large extent. 

Thus of the two initial reactions between 6-nitrophenol-2 : 4- 
disulphonic acid and nitric acid. 


OH 

NOa/'^SOjH 

\/ 


SO3H 


+ HNO3 



OH 


NOj^ ^SOjH ^ 

\/ 

NO, 


OH 


NO3Q; 


iNO, 


^+H3S0, 


SO,H 


the first must be preferred, even if it does not take place exclusively. 
Confirmatory evidence was afforded by heating 2 : 6-dinitrophenol- 
4-sulphonic acid and 4 : 6-dinitrophenol-2-sulphonio acid under 
similar conditions with a mixture of water and nitric and sulphuric 
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acids. Reaction began immediately with the first of these acids, 
but was not evident with the second acid during the first haU- 
hour. After being heated for two hours, the first mixture gave a 
yield of 91-7 per cent, of picric acid, and the second a yield of 
81-6 per cent. 

Fonmtion of Oxalic Acid. 

The quantity of oxalic acid produced during the nitration of : 

,1. Sodium phcnol-4-6ulphonate, C8H50iSNa,2H20, 

B. Sodium 2.nitrophenol-4-sulphonate, CjH405NSNa,3H20, 
and 

0. Sodium 2 : 6-dimtrophenol-4-snlphonate, CjHjOgNjSNa.SHjO, 

was determined under varying conditions. The formulae indicate 
the form in which the material was weighed. The salt was dis- 
solved in water, the solution made up to a definite volume, and an 
aliquot portion was rendered alkaline with ammonia and precipi- 
tated with calcium chloride. The precipitate of calcium sulphate 
and oxalate was washed free of picric acid, and the oxalic acid 
estimated by permanganate. 

Grams of oxalic 



Weight in grams 

of reagents employed in 

acid produced 


tho nitration of 

1 grain*mol. of the salt. 

from 1 gram-mol. 


94% HjS04. 

Water. 

67% HaNO,. 

of the salt. 

A 

596 

0 

399 

12'35 

A 

366 

400 

405 

14-21 

B 

612 

0 

300 

4-67 

B 

605 

200 

304 

3-77 

B 

507 

300 

306 

10-49 

B 

448 

400 

295 

10-41 

B 

200 

600 

300 

14-15 

C 

600 

0 

200 

2-18 

C 

600 

200 

200 

0-46 

c 

391 

391 

200 

0-91 

c 

200 

600 

200 

0-34 


The table shows that the introduction of the nitro-group into the 
phenolsulphonate before dilution and further nitration to picric 
leid increases the stability. 

The foregoing work was carried out at H.M. Chiswick Labora- 
tory, Department of Explosives Supply, in 1917 — 1918, and is now 
published with permission of the Director of Staff Duties. 

The author wishes to thank Dr. J. T. Hewitt, F.R.S., formerly 
Director of the Chiswick Laboratory, tor his advice given throughout 
the course of this work. 


University College, 
Exeter. 


[Received, Novevibcr I'ith, 1921.] 
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ALBERT ERNEST BELLARS. 

Born August 25th, 1880; Died April 23rd, 1921. 

Albert Ernest Bellars was the, son of the late Alderman E. B. 
Bellars of Wisbech. He was educated at Wisbech Grammar 
School under Mr. A. W. Doyser and at Magdalene College, Cam- 
bridge, where he held a Holmes Exhibition. After taking hi< 
degree in the Natural Sciences Tripos in 1902, he was appointetl 
Assistant Demonstrator in the laboratory of Gonville and Caius 
College under Mr. M. Pattison Muir. Later he undertook the 
supervision in chemistry of students in Gonville and Caius and in 
Magdalene Colleges. Between 1903 and 1910 he was engaged in 
research work, the results of which have appeared in the Trans- 
actions of the Chemical Society and in the Proceedings of the Cambridge 
Philosophical Society. At Cambridge he was an enthusiastic 
teacher and very popular with students in the laboratory and in 
the college classes under his supervision. As a colleague in research, 
he was a skilful and accurate experimenter, and he never tired in 
^his determination to solve a problem. No failure disheartened 
him, and his cheery optimism gave stimulus to work in which he 
was engaged. With the writer he published between 1903 and 
1907 the results of four investigations which have appeared in the 
Transactions. In 1911, after the closing of the chemical laboratory 
of Gonville and Caius College, he was appointed Professor of Cheini.«- 
try at the Rangoon University College on the recommendation of 
Sir W. J. Pope, and soon proved himself to be a stimulating lecturer 
and teacher. Last year he was appointed the first Professor of 
Chemistry in the new University of Rangoon. 

The splendidly-equipped chemical laboratory at University 
College is a monument to his thoroughness and foresight, and a 
long list of those who have graduated in science in Burma during 
the last ten years bea.a testimony to his unwearying labour and 
to the activity of the interest in that branch of science of which he 
himself was .so keen a student. The claims of teaching work left 
little opportunity for research until lately, when in the new lab- 
oratory he was able to resume it. Serious throat trouble compelled 
him to come to England this year for an operation, which was at 
first successful, but a sudden attack of hieraorrhage occurred later, 
which was fatal. In December, 1919, Professor Bellars married 
Miss Beryl Coxon, only daughter of Major Coxon, of King s Lynn, 
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Xorfolk. She returned to England with her husband this year 
and was with him at his death. Professor Bellars leaves a post- 
humous son bom a week after liis death. In Burma, great sym- 
pathy is felt for his widow, who had been in the colony only a little 
more than a year when her husband was invalided home, Bellars 
was a keen sportsman in every sense of the word. At Cambridge 
he was captain of his college cricket team and played regularly in 
the Cambridge County Eleven. He was an enthusiastic skater of 
the fen style and a golfer. In the Long V^acations he was one of 
the band of climbers of the Alpine Club and was associated with 
the late Dr. H. 0. Jones in several of his ascents. In the Easter 
Vacations he climbed in Snowdonia or in the Lake District. While 
in Rangoon he took a keen interest in all matters connected with 
sport and volunteering at the University College and officiated 
regularly at the local athletic meetings. 

His sudden and early death is much to be deplored. Bellars 
was the ideal type of colonial University Professor. The soundness 
of the knowledge of his subject combined with a driving power and 
personality commanded the loyalty and respect of his students, 
not only in the lecture room, but also in the college sports. He 
was of the true type of teacher and leader of men, such as have 
built up the British Empire, and yet he was of a retiring disposition 
and never sought popularity outside the circle in which his main 
interests lay. He was devoted to his work and to his home. 

R. S. Morret.l, 


EDWARD JOHN BEVAX. 

Bohn December IItii, 1850; Died October IIth, 1921. 

Edward John Bevan, son of Edward Bevaii, of Birkenhead, was 
born in 1856. .After a private school education iie received a 
training in chemical science which may he described as irregular. 

Beginning at the age of seventeen with the routine of laboratory 
control of alkali processes in the service of the Kuiicom Soap and 
•Alkali Co,, he made friendshi 2 xs with certain piont'er workers in 
that industry, who usefully influenced his career by advising sys- 
tematic training at the Owen-s College -then a leading centre of 
research. The meeting with C. F. Cross re.sulted in a student 
friendship which developed into one of collaboration, both leaving 
the College (1879) to undertake research work in the cellulose 
industry, Bevan’s sphei'e being that of paper-making. Problems 
of common inteivst were investigated, of which results were pub- 
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lished in the Journal of the Chemical Society (1882). It was already 
evident that the field of work entered on, promised results in pro", 
portion to industry ; it was decided to make a defimte adventure, 
and “ Cross and Bevan,” migrating to London, were able to find a 
provisional working home in the Jodrell Laboratory, Kew, through 
the friendly ofifices of H. E. Armstrong, Hugo MiiUer, and Thiselton- 
Dyer. 

The scope of research widened to include the physiology of the 
vegetable fibres, the equilibrium of the fibre substances as chemical 
individuals in relation to water-oxygen conditions, hence a special 
study of cellulose reactions with hydrolytic agents and oxidants; 
and in development of the natural history aspect of the subject, 
the working out of a comprehensive scheme of analysis of the 
fibres and fibre-aggregates, the raw materials of the textile and 
paper-making industries. 

The scientific data thus accumulated were then apphod in de- 
veloping industrial inventions, such as the bisulphite process of 
treating wood for the preparation of cellulose (“ pulp ”), then in 
its infancy, and pioneered in this country by C. D. Ekman : and 
textile bleaching processes, for example, those of Thompson, 
Hermite (electrolytic), and VV. Mather. The Colonial and Indian 
Exhibition provided a sphere of active work in vegetable fibres, 
and established the method of analysis and evaluation of these 
raw materials as a “standard,” subsequently to be generally 
accepted as such. Concurrently with these technical activities, 
the systematic research work on cellulose and its derivatives was 
followed up and investigations of alkali-ceUulose (mercerisation) 
and benzoates (Baumann’s method) led in logical sequence to the 
discovery of the xanthogeuic hydrate-ester series of derivatives, 
patented in the joint names, and the basis of the now well-known 
“ viscose ” industries. 

The formal partnership “ Cross and Bevan,’ and its establish- 
ment at New Court, Lincoln’s Inn (1883), led to outside activities, 
such as those connected with patent htigation, in which Bevan 
showed his exceptional abilities, and decided leanings to the pro- 
fessional side of Chemical science. Applying for the post of Public 
Analyst under the Middlesex County Council, he was appointed 
(1892), and held the office to the date of his death. As necessary 
incidents of this position, he became progressively influential in 
the Society of Public Analysts, of which he was sometime President, 
and on the Council of the Institute, devoting himself with his usual 
thoroughness to its interests and high aims. 

Bevan’s career expresses his whole-hearted devotion to Science, 
for his varied activities were all marked and hall-marked by the 
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gevere discipline of the pursuit of “ the Truth ” as “ the whole 
Truth and nothing but the Truth,” as we chemists know the truth 
of an experimental science, with the uncompromising laws under 
which we work for its establishment. 

With these, quahties were associated those which express them- 
selves in good fellowship. Bevan was popular, as he was genial 
and generous. His surviving relatives treasure the many expres- 
sions of affection and regard contained in letters from his brother 
chemists. 

For a complete and chronological record of the publications in 
which Bevan was associated with the writer, those who may be 
interested are referred to the Paper Trade Review of January 28th, 


1621. 


C. F. Cross. 


EDWARD KINCH. 

Born Atoust 19th, 1848; Died August 6th, 1920. 

Enw-AED Kinch was born at Henley-on-Thames, and w’as educated 
at the Grammar School there. His father, Charles Kinch, was a 
pharmaceutical chemist, and would seem to have been a very 
energetic man, for he also had a printing and stationery business, , 
published a local paper, and took an active part in the management 
of the affairs of the town. 

Although Edward Kinch spent his early life there, it is not 
in association with Henley that one thinks of him, but with that 
agricultural district on the Upper Thames where the counties 
Berkshire, Wiltshire, O.xfordshire, and Gloucestershire meet. 
There on the Berkshire bank of the Thames lies the scattered 
village of Eaton Hastings, and at the ” Grange,” a charmingly old- 
fashioned, somewhat rambling farmhouse, many generations of the 
Kinch family had dwelt and farmed their own land, whilst relations 
oi theirs were to be found in many of the large farms in the district 
lying between Farringdon and the Cotswolds. Amongst them were 
men who have made their mark in agriculture, such as Charles 
Hobbs of Maiscy Hampton and his son Robert Hobbs of Kelmscott, 
both so well known as sueces.sful breeders of sheep. It may be 
mentioned incidentally that the picturesque Manor House at Kelms- 
cott, standing opposite to Eaton Hastings on the Oxford bank of 
the Thames, which figures so much in the art annals of the Victorian 
era as the home of William Morris, and for a time also of D. G. 
Rossetti, belonged to a widowed aunt of Edward Kinch who lived 
with her brother William at the Grange. It was in his frequent 
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visits to these relations probably that Edward Kinch acquired that 
interest in agriculture that became the dominant feature in his life 

On leaving school, Kinch went to the Royal College of Chemistrv 
in Oxford Street, where he studied for some years under Prof 
(later Sir Edward) Frankland. His first appointment (1869) was 
that of chief assistant to Prof, (later Sir Arthur) Church at tfie Royal 
Agricultural College, Cirencester, and thus began the connexion 
with the institution with which later he was so intimately associated 
He held this post until the latter part of 1872 ; he then joined the 
staff of the Royal College of Chemistry, which, with some sections 
of the Royal School of Mine.s, had just been transferred to the new 
buildings in the Exhibition Road, South Kensington, to form the 
nucleus of that institution which after many changes of name is 
now known as the Imperial College of Science and Technology. 
After some years spent in teaching in the.se laboratories, Kinch for 
about a year held the position of Superintendent of Minerals at the 
India Museum, South Kensington. In 1876 he accepted the post 
of Professor of Chemistry at the Imperial College of Agriculture 
Komaba, Tokyo, Japan, iu the organisation of which he took an 
active part. At this time Japan was still in large part closed to 
Euro])eaiis, hut in the college vacations Kinch was allowed to travel 
freely about the country, and had opportunities such as fell to few 
others of seeing “ Old Japan.'’ One considerable drawback, 
however, was that in many of fhe out-of-the-way districts it was 
impossible to supplement in any way the meagre vegetable diet of 
the natives — the result to a European being semi-starvation. 

In 1881, Kinch returned to England on his appointment as 
Professor of Chemistry at the Royal College of Agriculture, Ciren- 
cester, a post which he held until the closing down of the College in 
1915 on account of the war. 

Prof. Kinch married, in 1889, Edith, ilaugliter of the Rev. George 
Huntingdon, vicar of 'Tenby, but their happy married life was 
terminated by her death a year later. 

On the closing of the Cirencester College, Kinch retired from active 
life and went to live at Haslemere, where he occupied himself witli 
his garden, and with .1 ipaiiese art, a subject in which he was greatly 
interested. His residence in Japan had enabled him to form a 
small but admirable collection of curiosities and art work. A 
serious illness in 1918 left him with very impaired health, and he 
died on August 6th, 1920. 

Edward Kinch was a man who devoted himself heart and soul to 
liis students and to the interests of the Royal .Agricultural College, 
Cirencester, where he spent thirty-four years of his life. Singularly 
unassuming, and of very retiring nature, he was beloved by those 
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fl ho came under tiis influence, and the fruits of his sound and careful 
training of hia students were manifested by many of them in sub- 
sequent spheres. It was for his college and his students that he 
lived, and it was in this connexion, rather than in public life, or in 
written contributions to science, that he excelled. His principal 
literary contribution was the revision and practical re-writing, in 
1906, o£ the well-known book for agricultural students, “ Church's 
Laboratory Guide,” of which a ninth edition appeared in 1912. 
Occasional papers from him have also appeared in the Journals of 
the Chemical Society, the Royal Agricultural Society, and the 
, Surveyors’ Institute, but most of his contributions were given in the 
Agricultural Students’ Gazette, issued from the Cirencester College. 
Kinch was a sound, rather than a progressive, chemist, and a teacher, 
rather than an investigator, but he was a man held in much esteem 
by those who knew him. In conclusion, the words of a former 
student, Lord Bledisloe, intimately acquainted with the affairs 
(if the College, may be quoted : “ If and when the worthy hi.story 
of England’s premier agricultural college comes to be written, no 
name will rank higher in its annals than that of Edward Kinch, and 
no one will be deemed to have wrought a more beneficial influence 
in promoting the high reputation of the College and the progress of 
Agricultural Science in the British Empire.” 

Prof. Kinch served on the Council of the Chemical Society, 1887 — 
1892 ; at an earlier period, 1872- -1875, he was on the Journal staff 
as an abstractor in Agricultural Chemistry. A. J. G, 


HENRY RONDEL LE SUEUR. 

Born Janu.ary 1st, 1872; Dieu -Iixy 9th, 1921. 

H. R, Le Sueur was born at Trinity, Jersey, on January 1st, 1872, 
llie son of E. C. Le Sueur. He was at a private school until 1887, 
after which he spent two years in the laboratory of a. Jersey analyst, 
Hr. F. VV. Toms, and then entered University College, London, 
taking the Honours Cheinistry course. He graduated B.Sc. of 
Lmdon University in 189.8 and obtained the D.Sc. degree in 1901. 
He was a Fellow of the Institute of Chemistry (.\ssociate 1898) 
and a member of its Council from 1914 to 1917 ; a Fellow of this 
Society (1895), a member of Council (1907-1911). and at the time 
of his death was one of its Secretaries. 

After graduating in 1893, La' Sueur sfX'iit one year in carrying 
out research work on the projwrties of dehydraeetic acid (Collie 
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and Le Sueur, T., 1894, 65, 254), and in the following year took up 
a junior teaching post in the Medical School of St. Thomas’s Hos. 
pital. Possessing the faculty of imparting knowledge to others 
Le Sueur rapidly developed into a teacher of the very first order 
and it is a remarkable fact that one possessing such pronounced 
capabihties in this direction should have remained attached to 
this one Institution for the twenty-seven years of his career. The 
ivriter is well acquainted with the happy atmosphere of St. Thomas’s 
and no doubt this weighed with Le Sueur, especially as from 1904 
he occupied the senior teaching post, but it is none the less strange 
that his exceptional teaching capacity was not more generally 
recognised. 

There was only one break in the twenty-seven years during 
which Le Sueur was connected with St. Thomas’s, namely, that 
caused by the War. He was gazetted major, Royal Engineers, in 
1915 and with Major J. T. Hewitt was ordered to Gallipoli to watch 
and advise on possible developments in gas warfare. There can 
be little doubt that the iUness which he contracted there seriously 
undermined his health, for he was never in reality the same high- 
spirited man again. On his return to England, after being in 
hospital in Egypt, he, became one of the chief experimental ofiicers 
at the R.E. Experimental Station, Porton, where he was attached 
until the end of 1917. He was then ordered to the United States 
to assist in the preparation of the American Gas Warfare Experi- 
mental Station, and he remained there until after the signing of 
the Armistice. 

As a research worker, Ia! Sueur was not prolific, his total publi-shed 
papers amounting to twenty-four; this is largely accounted for 
by the fact that research was regarded by him as a pleasurablf 
relaxation from his teaching duties, which always came first, Hr 
thoroughly enjoyed every minute he was able to devote to experi- 
mental work, but when accumulated results made the writing of a 
paper desirable he was very obviously bored. His re-seardies 
concerned mainly the fatty acids and their hydroxylated deriv- 
atives, and may be divided into three groups. In one, he studied 
the action of heat or the a-hydroxycarboxylic acids and shoned 
that it is possible to descend the series of fatty acids, step by step, 
according to the scheme, R-0H.,'CO2H — >■ R'CHBr'COjH > 
R-CHfOHl'COjH — ^ B-CHO - R'COjH. A somewhat similar 
process led, in a second series of experiments, to a simple method 
for the preparation of secondary amines, thus ; R-CHBr'CO.^H — > 
R-CHIXHArj-COjH R-CHj-NHAr -f COj, whilst the third group 
of rc.searche,s, on the action of fused potassium hydroxide on the 
dihydroxy-acids obtained by oxidation in the oleic acid series, 
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revealed an unusual trauBtormation, namely, the movement of a 
heavy radicle within the molecule of an aliphatic compound. The 
change is represented thus : R-CH(OH)-CH(OH)-[CHj]„'CO,H — > 
OH'CH2-CR(OH)-[CHJ,-C02H -> C0jH-CR(0H)'[CH2]„-C02H. 
Xhe elucidation of the. constitution of the hydroxydic-arboxylic 
acids formed in this way led, incidentally, to the discovery of 
heneicosoic acid, a missing member of the simple fatty acid series. 

In manner I^e Sueur was quiet and reserved, not to say shy; few 
knew him well, for his efforts to disguise the above characteristics 
sometimes gave quite a wrong impression of the real man. His 
great outstanding quality was loyalty, which governed his every 
action and was one of the main causes of the loving regard in which 
he was held by his intimate friends. As a Jerseyman, Le Sueur 
had an intense feehng of local patriotism, and his friends knew well 
his loyalty to the “ Duke of Xovmandy.” He was one of the 
founders of the Jersey Society in Loudon and one of its most active 
members during more than twenty years, being chairman of its 
council at his death. He spoke a dialect of the ancient Norman- 
French language fluently and with historical pride, and it was 
because of his love for his native land that he desired to be laid 
to rest in Jersey. 

A. W. C'P.OSSLEY. 


GEORGE BLUNDELL LONGSTAFF. M.A., M.D, (OXON ), 

F.R.C.P., F.S.A., F.L.S., F.C.S., F.G.S., J.P, 

Bohn Febeu.aby 12th, 1849; Died M.ay 7th, 1921. 

In the late George Blundell Longstaff the scientific, the artistic, 
and the practical temperaments were so nicely blended that it 
would be impossible to say which of those qualities preponderated 
in his attractive and versatile nature. Those who made his 
acquaintance as a field naturalist and had occasion to note his 
keen powers of observation, his untiring activity as a collector, 
and his readineas to appreciate the scientific bearing of the facts 
that he and others accumulated, might not unnaturally be, surprised 
to find that his technical knowledge of the building craft was the 
admiration of experts, and that his judgment on all matters of the 
graphic and plastic arts was highly valued by the most e.Kperienced 
critics. 

It is interesting to call to mind that many of the most con- 
spicuous traits in Longstaff's character may be traced back to his 
ancestry. Thus his father, in early days an associate of “ Osmotic 
Graham,” was noted for his devotion to chemistry ; to the Dixon 
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strain may be attributed his interest in everything practical and 
constructive ; while the extraordinary energy with which he worked 
at entomology may be considered not improbably to be fore 
shadowed in the stock from which sprang Spence of “ Kirby and 
Spence,” 

Born at Wandsworth in 1849, Longstaff was the second son of 
Dr. George Dixon Longstaff, and of Maria, daughter of H. Blundell 
of Hull, At Rugby he came under the influence of Archbishop 
Temple, then Headmaster, and of Archdeacon J. M. Wilson, then 
Master in Natural Science and Mathematics, Each of these great 
teachers left a strong impress on the mind and character of their 
pupil. Proceeding in due course to Oxford, he gained a scholarship 
in Natural Science at New College, following this up with a First 
Class in Natural Science. It was while an undergraduate at Oxford 
that by a deplorable accident he lost the sight of an eye. Through, 
out his life the condition of his sight was such as to necessitate the 
greatest care in the use of his remaining eye; and ho was com- 
pelled to forego many schemes of scientific research which his incliiia. 
tions would have led him to adopt. But he faced his mi.sfortmie 
with admirahlc courage, and engaged with vigour and energy in 
all the pursuits of a kindred nature which still remained open to 
him. After taking his degree in Arts, he entered at St. ThomaB'g 
Hospital, and having passed through his career as a medical student 
with distinction, he graduated as M.B., subsequently as M.D., at 
O.xford ; and obtained the Member.ship, eventually the Fellowship, 
of the Royal College of Physicians. In 187u he married a daughter 
of Edward Dixon, of Southampton, a member of a family alreadv 
connected with his own. -The intellectual endowments, the philan- 
thropic ideals, and fine taste of this lady were most congenial to 
him, and it would have been difficult to find a hotter-assorted couple. 
On settling down with his wife and young family, first at Wands- 
worth and afterwards on Putney Heath, he devoted himself to the 
study of preventive medicine and vital statistics, paying special 
attention to all such matters as might benefit the conditions of life 
among the poorer and less fortunate members of the community. 
The present writer became associated with him in some of this 
early w'ork, especially in the investigation of the properties of a 
much-advertised germicide, and in the statistical aspects of various 
diseases. This led to a long collaboration in the Eegistrar-Genpral’.s 
Department at Somei’set House, many results of which saw the 
light in his published volume of “ Studies in Statistics.” Whilst 
■still engaged in work of this kind, he acquired the beautiful estate 
at Mortehoc, in North Devon, where much of his subsequent life 
was passed, and where he threw himself with characteristic energy 
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into the study of the history, antiquities, natural productions, and 
social conditions of that part of the county. To these rural pur- 
suits he added much varied activity in London, serving on the 
London County Council as memher for Wandsworth from 1889 to 
1903 ; and, as Chairman of the Building Act Committee of that 
body, taking a principal part in the drafting and passing through 
Parliament of the London Building Act, 1894. As J.P. both for 
London and Devon, he gave much time to magisterial duties, and 
as Guardian of the Poor he found scope for the exercise of his 
interest in the social conditions of the more indigent classes. 

It bad always been his desire to travel ; and he soon found oppor- 
tunity to acquaint himself with many remote parts of the earth. 
.4t different times he visited Madeira, the Canary Islands, Algeria, 
Rgypt and the Soudan, South Africa, India, Ceylon, China, Japan, 
North and South America, the West Indies, Australia, and New 
Zealand. In all of these places he made large collections, prin- 
cipally of insects, and recorded numerous observations of high 
interest in the elucidation of bionomic questions. The results of 
these labours in the field of natural history were published by him 
in several important memoirs, collected some nine years ago in a 
volume entitled “ Butterfly Hunting in Many Lands.” The insect 
collections, which are of great value both in themselves and for 
the exact data by which each specimen is accompanied, were 
presented by him to the Hope Department in the University of 
Oxford. This Department found in him a generous and far-sighted 
benefactor; it being indebted to him, amongst other donations, 
for an endowment of £2400 tor the provision of an additional 
a,ssistant. Beside all his other avocations, he found lime to take 
ail active part in the work of the Charity Organisation, the Royal 
Statistical and the Entomological Societies, being at various times 
Vice-President of the latter two. He was also a Fellow of the 
linnean and Geological Societies, of the Society of Arts, and of 
the Chemical Society. In the last-named he took a special interest, 
and in the year 1916, to mark the seventy-fifth anniversary of the 
Society, he made over to it the sum of £1000 for its Research Fund ; 
thus following the example of his father, who in 1876 had given 
£1000 to establish this Fund. A ” Longstaff Medal ” is awarded 
by the Council of the Society every three years for the best series 
of original investigations in chemistry published in England. 
Longstaff’s munificence was not confined to scientific objects; 
for many schemes of social improvement were helped by him with 
ample donations, and he wa.s a liberal benefactor to the Church, 
he was especially concerned in the planning and building of the 
new church at Woolacombc, North Devon; and the ancient church 
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of Mortehoe bears many marks of his generosity ; in particular a 
beautiful stained-gla.<is window by his friend Selwyn Image, latelv 
Slade Professor of Pine Art at Oxford. 

Three years after the death of his first wife he married Miss 
Donald, a daughter of the late M. K. Donald of Stanwix and Blaith. 
waite, Co. Cumberland, a lady distinguished for her attainments 
in conchological science, and with many interests similar to those 
of her husband. 

A man of such varied capacities and of so generous and sym. 
pathetic a nature as George Blundell Longstaff was sure to have 
numbers of attached friends, by whom his death is felt as a grievous 
personal loss. His memory will be widely cherished as that of an 
inspiring and stimulating companion, and one of the most considerate 
and open-handed benefactors of his generation. 

F. A. D. 


EDMUND JAMES MILLS. 

Born Dece-vibee 8tii, 1840; Died April 21st, 1921. 

Prof. E. J. Mills, who died on April 21st, 1921, was born in 
London on December 8th, 1840. He was educated first at the 
Grammar School, Cheltenham, and then at the Royal School of 
Mines, where he took the courses of instruction for a degree in 
science at London University, at that time the only university in 
Britain granting such degrees. He graduated B.So. in 1863, and 
obtained the doctorate in I860. There were few candidates for 
science degrees at that time, and on looking at the list of graduates 
it is interesting to note that Iffills’a name appears about equidistant 
in time between those of Prof. Alex. Crum Brown, in 1862, and 
Sir William Tilden, in 1871. 

In 1861, Mills became assistant to Dr. John Stenhouse, and a 
year later he was appointed one of the demonstrators in chemistry 
at Glasgow University, in which capacity he conducted tutorial 
classes for medical studmts, a work not very congenial to him, and 
one for which, from his temperament, he was not particularly well 
fitted; he was, however, a good laboratory teacher for advanced 
students. He resigned this appointment in 1865. In 1875 Mills 
became superintendent of the “ Young Laboratory," in Anderson's 
College, Glasgow, and during his term of office, about the year 
1886, that foundation together with Anderson’s College, became 
incoiporated in the Glasgow and West of Scotland Technical 
College, the Young Laboratory appointment being converted into 
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the Young Chair of Technical Chemistry. His predecessors in 
charge of the Young Laboratory were W. H. Perkin, sen., 1870-71, 
and G. Bischof, 1871-75. 

Mills was the author of many papers covering a wide field of 
work. Although his first recorded paper in the Proceedings of the 
jloijol Society (1860) is upon bromo- and chloro-phenylamine, his 
early work inclined more to general and inorganic chemistry, 
dealing with subjects such as isomerism, statical and dynamical 
ideas on chemistry, chemical equivalents, etc., and this tendency 
is seen also in his later papers in the Philosophical ilagazine, pub- 
lished during 1883, 1884, and 1887. In the Journal of the Chemical 
Society his more important papers are : — “ On Aniline Derivatives 
and Nitrotoluene ” (1875-76) ; “ On Potable Waters ” (1878-81) ; 
■■ On Chemical Repulsion ” (1880-81); ‘Melting-points” (1882). 
From 1879 to 1882 he pubhshed Rescarche-s on Chemical Equiva- 
lence”; from 1878 to 1880 papers on ‘‘The Action of Ottides on 
Salts ” ; and later, “ Researches on Dyeing,” in conjunction with 
Louis Campbell. To the Society of Chemical Industry he con- 
tributed papers on the ‘‘ Quantitative Estimation of Oils and 
Fats ” (1883), “ Viscosity Determinations ” (1880), and “ Oxida- 
tion of Aniline ” (1894). In his books. Mills did not confine himself 
to purely scientific matters; for, in addition to two works, “Fuel 
and its AppUcations ” (published conjointly with E. J. Rowan in 
1889) and “ Dostruotive Distillation ” (1892), he wrote a volume of 
poems, “ My Only Child ” (1895), and “ The Secret of Petrarch ” 
(1904). 

Mills was elected a Fellow of tire Royal Society in 1874, and was 
an honorary LL.D. of Glasgow University; he was an original 
member of the Society of Chemical Industry and served on the 
committee of the Glasgow Section, including two periods as vice- 
chairman, from 1884 to 1894; and was a member of the Council 
of the Chemical Society at various times from 1868 to 1906, serving 
13 vice-president from 1912 to 1915. 

Mills returned to London, finally settling at West Acton. He 
spent much of his leisure time in the practice of photography, in 
which he was a skilled manipulator. He attended many of the 
meetings of the Scientific Societies to which he belonged, and 
rendered valuable service to the Chemical Society as a member of 
the Library Committee, in which he took sjiecial interest. 

J. M. T. 
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RICHARD HENRY VERNON. 

Born January 27th, 1885; Died April 9th, 1921. 

Richard Henry Vernon was the elder son of the late Hon. WiUian, 
Vernon, son of the sixth Baron Vernon, and of Mrs. Vernon, daughter 
of the late General Daniel Marsh Frost, of St. Louis City, U.S.A. 

Born in London at 12 Clarges Street, Vernon had a serious illness 
at the age of nine which left consequences that made it doubtful 
whether he would be able to stand the English climate. He was 
therefore educated in Switzerland. Ho entered the l^cole Cantonale 
at Lausanne in 1898 and proceeded to the Gymnase Soientilique, 
W'hich he left with the Certiheat de Maturite in 1902. Here hr 
showed powers of work and a capacity for sciontilie and mathematical 
subjects which won the highest opinion from his teachers. 

It had always been his father’s desire that he should receive an 
American University education, and at the age of nineteen he 
entered at Cornell. He was then full of high spirits and love of 
adventure, and it was there that he won a bet that he ivould walk 
sixty miles in twenty-four hours. He covered the distance with 
two hours to spare, although it wa.s in winter and the walk liad to 
be made in the snow. However, he found the environment at 
Cornell uncongenial. The free open-air life of the Western States 
had an irresistible attraction for him, and to the concern of his 
parents he broke off his University career and went to California, 
where a maternal uncle had an o.state. Here he learnt all the craft 
of the ranch — afterwards at Cambridge he would sometimes amuse 
his friend.s by illustrating with a rope some of the skill that ho had 
acquired with the lariat — and tor some time he lived an independent 
Hfe, maintaining himself as “ broncho-huster ” and cowboy. 
Drifting in this way from California to Texas, he came at length to 
the little township of Throgmorton. Here tliere was a school- 
master who had some knowledge of physics and with him Vernou 
became very friendly. The two used to discuss scientific problems 
together, and Vernon was made by him to realise that he bad gifts 
which were being wasted in the, life he was then leading, and was 
persuaded to return to Europe to continue his education. His 
parents were at Wiesbaden, and he joined them there and spent 
six months working in the laboratory of Professor Fresenius. 
Fresenius recognised his ability and encouraged him to take up 
chemistry as a profession. Accordingly, in 1907, at the age of 
twenty-one, he entered the Eidgcnos.si.schc Teohnische Hochschulc 
at Zurich, where, after working through the customary four years 
course in chemistry, physics, and mathematics, he obtained the 
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liploina in 1911. He then began, under the direction o£ Prof. 

F P. Treadwell, the work on the electric conductivity of very pure 
*ate.r which was to form the subject of his thesis for the doctor’s 
jcgrec. The greater part of this thesis is occupied with the calcula- 
tion of the relations between the inductances and capacities of the 
arms of the Wheatstone bridge which give the sharpest minimum 
of sound in the telephone. He demonstrated the practical utility of 
arrangements based on his results, and employed them to examine 
the methods of obtaining pure water by distillation. After receiving 
his doctor’s degree in the spring of 1914, he began a magneto- 
chemical investigation of platinum compounds ivith Prof. Pierre 
Weiss, but this was cut short by the events of the following August, 
He was then fishing in the Black Forest and barely succeeded in 
crossing the frontier at the declaration of war. He hastened to 
England to offer his service,s, but was rejected several times on 
account of eyesight. Ultimately he enlisted in the R.A.M.C., but 
after serving for a short time, with that corps he was transferred to 
the Royal Engineers, where he became a de.spatch rider. In 1915 
he was granted a commission in the 3rd Battn. of the Dorset 
Regiment, and in the spring of l9Hi jiroceeded to the Western 
Front; where he saw much active service, chiefly in the Armentieres 
district and on the Somme. After two long periods of illness in 
hospital he was pronounced unlit for active service and was trans- 
ferred for duty to the Chemical Warfare Committee, for whom he 
ivorked, first at the Imperial College of Science in conjunction with 
Prof, Baker on dichlorodiethyl sulphide, and afterwards at Cam- 
bridge in the University Chemical Tiaboratory, where, at the 
suggestion of Sir William Pope, he began an inve,stigation of the alkyl 
tellurium compounds. 

In July, 1918, Vernon was sent as Chemical Adviser to the Shell 
Filling Factory at Chittening. Here he rendered services of the 
greatest value in contriving precautions to be taken in the handling 
of “ mustard gas,” in working out metliods for cleaning up spills 
and rendering the waste innocuous, and in training the operatives 
in the use of the measures which had been devised, ft fell to him 
to grapple with the mischances that not iidrequently occurred. 
When, for example, as happened in the early days of the factory, a 
defective cock led to a spill of several gallons, it was the Chemical 
-Idviser who had to deal with the. emergency. Ho won the regard 
and confidence both of the staff and of the operatives; tlie men of 
his special anti-gas detachment in particular gave him willing and 
loyal support. Life in Ihe factory at first was rendered intolerable 
by the vapour of the “ mustard gas,’’ which permeated everything ; 
sometimes, in fact, before the later iraprovenicnts were introduced. 
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the whole of the workers iu a shed would be left on the sick list at 
the end of a four hours’ shift. It w'as largely through the devotion 
and indeed the heroism, of the Chemical Adviser that in spite of 
everything the factory was able to send out in a steadily increasing 
stream the shells so urgently needed to enable the troops in the 
field to reply to the deadly weapon which the enemy had adopted. 

By the continuous strain of work such as this Vernon’s health was 
severely tried and at the time of the. Armistice he was in hospital 
very dangerously ill with pneumonia. After a period of convales- 
cence in the south of France he was able to return to Cambridge, 
and in the spring of 1919 he entered Gonville and Cains College as a 
research student and resumed his work on the tellurium compounds. 

Before going to Chittenirig Vernon had prepared a number of 
dimethyltelluronium derivatives. lie now examined more closely 
the base formed by treating dimethyltelluronium iodide in aqueous 
solution with silver oxide, and thus made the highly interesting 
discovery that when the solution of this base is evaporated to 
dryness a new base is produced, the salts of which are isomeric with 
those of the original series. As a difference of structure seems 
excluded, the two series of salts are almo.st certainly stereoisomeric, 
\'i‘nion’s observations indicate therefore that in dimethyltellur. 
onium iodide the four radicles about the tellurium atom have not a 
regular tetrahedral arrangement as might have been anticipated, 
but lie more or less in one plane. 
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According to this view the x-salts and oi-base are (raus-compounds, 
the S-salts are cis-compounds, and the displacement of the methyl 
groups on heating the a-base is due to the fact (for wliicli some 
experimental evidence was obtained) tliat tlie ^-base is an oxide. 
The marked analogy wnich this formulation indicates between the 
configurations of the dimethyltelluronium iodides and those of 
platosamminochloride and platosemidiamminochloride as inter- 
preted by Werner is very suggestive. 
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This work, the results of which are published in four papers in the 
Society’s T ransactums (T., 1920, 117, 86, 889; this vol., p. lOn, 
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(i 87 ), occupied Vernon until Christmas, h'or it he was awarded the 
certificate of research of the University and in due course took his 
B.A. degree. 

During the Christmas vacation, which he spent at Montreux, he 
was attacked with another serious illneas, and in consequence had 
(0 undergo a severe abdominal operation, so that he was unable to 
return to Cambridge until Easter, 1920. He was then appointed 
to the official position in the University of Assistant to the Professor 
of Chemistry and began, in conjunction with Sir William Pope and 
jlr, F. G. Maim, a detailed experimental investigation of the inter- 
action of ethylene and sulphur mouochloride (this voL, p. 634). 
During the next few months his health, to external appearances, 
improved greatly, and he seemed to have made a complete recovery 
from the operation at Montreux, but in the late autumn disturbing 
symptoms of arterio-sclerosis, brought about by the kidney disease 
left as a consequence of his early illness, showed themselves and 
increased in gravity through the early months of the present year. 
He sank very rapidly at the end and died on April 9th, 1921, at the 
age of thirty-six. 

Although Vernon had been at Cambridge for comparatively so 
short a time, lie had gained the affectionate regard of many of the 
senior members of the University as well as of the younger men, for 
his personality was one of singular charm and attractiveness that 
rapidly won the friendship of all with whom he was more closely 
associated, Hi.s education had been so different from that of the 
men whom he met in the laboratories and colleges as to give him a 
fresh and often uncoiiventioiial outlook on the questions that arose, 
and the engaging frankness with which he would state his views 
made him always an interesting companion. 

As a chemist he was gifted with quite e.Yceptioiial c.xperimental 
skill. All who were familiar with his methixis of work were greatly 
impressed with his powers and know that through his untimely 
death an investigator of umisiial promise has been lost. 

W. H. -M. 
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Petrol prepared from Rape Oil. Alphonse Mah.hb (Compf. 
rend., 1921, 173, 658— 660).— When rape oil is passed over a 
copper-aluminium catalyst at 550 — 650“, it gives a gas, burning 
with a very luminous flame and consisting of olefines and paraffins, 
together with some carbon monoxide and dioxide, and a liquid 
from which two fractions can be obtained by distillation. If these 
two lighter fractions are hydrogenated over reduced nickel at 
180° they give a mixture of aromatic and cyclic hydrocarbons. 

W. G. 

Hydrogenation of Acetylene for the Preparation of Fuel Oils. 

Keiji Oda (J. CMm. ltd. Japan, 1921, 24, 1161— 1166).— The 
catalyst was prepared by reducing a mixture of nickel and mercury 
oxides in a current of hydrogen. Over this catalyst a mixture of 
equal volumes of purified acetylene and hydrogen was passed 
slowly at 25 — 35°. A light oil, consisting of ethylcnio hydrocarbons, 
and a heavy oil, b. p. 200—300°, which remained with the catalyst, 
were obtained, tho total yield being 51-7% of the acetylene. 

K, K. 

Preparation of Tetrachloroethane and Trichloroethylene 
from Acetylene and Chlorine. Sadao Igi {J. Chm. Ind. 
Japan, 1920, 23, 1217 — 1237). — ^For the preparation of tetra- 
ehloroethane from acetylene and chlorine, the use of antimony 
pentachloride as a catalyst is desirable, but difficulties arise in the 
decrease of the absorptive power of the catalyst, in its recovery, 
and in the danger of explosions. Trichloroethylene is prepared 
in 84% yield by boiling tetrachloroethane (100 parts) with calcium 
hydroxide (60 parts) and water (50 parts). 

Chemical Abstracts. 

Preparation of Methyl Bromide. Wii.hblsi Stekkopp and 
Gustav Schwen (J. pr. Chtm., 1921, 102, 363 — 364), — The 
addition of bromine to a mixture of phosphorus and methyl alcohol 
at the ordinary temperature (Steinkopf and Frommei, A., 1905, 
i, 501) sometimes results in the production of flame. This danger 
may be avoided and the yield of methyl bromide, calculated on 
the bromine used, increased to 77% if the methyl alcohol is boiled 
for about fifteen minutes before the addition of bromine and gentle 
boiling maintained while the bromine is being added. Methyl 
bromide is thus obtained far more cheaply than by Bygden’s 
method (A, 1911, i. 413). T. H, P. 

The Dimorphism of Potassium Ethyl Sulphate. Dalziel 
Llewellyn Hammiok and John Mylne MtJLL.4LY (T., 1921, 119, 
1802—1806). 

VOL, cxx. i. i i 



i. 842 


ABSTRACTS OP CHEMICAL PAPERS. 


The Liver Lecithin. P. A. Levene and H. S. Simms [J, 
Chem., 1921, 48, 185— 196).— Liver lecithin, purified by means of 
the cadmium chloride compound, yields on hydrolysis two saturated 
and two unsaturated fatty acids. The former are palmitic and 
stearic acids, whilst, of the latter, one gives stearic and the other 
arachidio acid on reduction. The degree of unsaturation of the 
unsaturated acids has not been determined; the one yielding 
arachidic acid on reduction appears, however, to form an octa- 
bromide. The presence of four different acids suggests that liver 
lecithin is a mixture of different lecithins. This is confirmed by 
molecular-w'eight determinations of hydrolecithin, C 44 Hjj 0 jNP 
obtained by Paal’s method, for which the boiling-point method 
yielded values of 810 and 700 (cf. A., 1920, i, 788). E. S, 

Preparation of Methyl Mercaptan. P. Arxdt [with E. Milde 
and G. Eckert] (Per., 1921, 54, [S], 2238-2242).— S-JI7e%Kso. 
thiocarbamide sulphate, needles, m. p. 244° (decomp.), is prepared 
conveniently in about 90% yield by gently warming an aqueous 
solution of thiocarbamide with methyl sulphate until the first 
violence of the action subsides and subsequently evaporating the 
solution until most of the solvent is eliminated. It is decomposed 
when warmed with oA’-sodium hydroxide solution into cyan- 
amide (which immediately becomes polymerised to dicyanodiamide) 
and methyl mercaptan, which is obtained pure after being washed 
ivith a little dilute sulphuric acid and dried with calcium chloride; 
methyl mercaptan has b. p. 6°, cP 0-894. 

S-Methylisothiocarbamide, SMe-C(lNH)-KH 2 , is readily prepared 
by the action of methyl mercaptan on cyanamide in well-cooled, 
anhydrous ether; it crystallises in colourless leaflets, m, p. 79° 
after softening at 75°, becoming decomposed thereby into methyl 
mercaptan and dicyanodiamide. ft can be preserved unchanged 
in closed vessels in an iee-chest for one to two days, but gradually 
becomes decomposed with formation of dicyanodiamide. Previous 
failures to isolate the compound from its salts are not due to 
inherent instability of the substance, but to the use of solvents of 
unsuitable boiling-point; the isolation is conveniently eifected 
from the hydrochloride and .sodium methoxidc in absolute methyl 
alcoholic solution, H. W. 

Some Derivatives of Monothioethylene Glycol. Geokqe 
M-acdoeald Bennett and Edith Muriel Whincop (T,, 1921, 119, 
1860-1864). 

Dichloroacetates and Chlorobromoacetates from a^-Di- 
chlorovinyl Ethyl Ether. Holi.and Crompton and Phyllis 
Mary Triffitt (T., 1921, 119, 1874—1875). 

Anhydrides of the Higher Aliphatic Fatty Acids. D. Holde 

and Ida Tacke [Chem. Zeit., 1921, 45, 949 — 950 ; 954 — 956; 
cf. Holde and Smelkus, A., 1920, i, 811; Holde and Tacke, A., 
1920, i, 811). — The pure anhydrides of the fatty acids of linseed oil 
can h.i prepared in 92-4% yield by heating the mixed fatty acids 
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with two and a half times the theoretical quantity of acetic 
anhydride at 140 — 160°, removal of acetic acid and unchanged 
acetic anhydride by distillation of the product from a boiling- 
^vater bath under 14 mm. and finally under 1—2 mm. pressure, 
agitation of the solution of the residue in light petroleum with 
sodium carbonate solution (4%) to which alcohol is ultimately 
added, and removal of the solvent in a current of carbon dioxide, 
and, finally, in a vacuum. When exposed to air, the anhydrides 
dry less rapidly than the corresponding glycerides, hut suffer a 
greater increase in weight owing to hydration to the corresponding 
acids and oxy-acids. Pure oleic anhydride crystallises in silvery 
scales, m. p. 22-2°, and can be used for certain culinary operations. 
Its electrical conductivity in anhydrous acetone is considerably 
greater than that of oieie acid ; glacial acetic acid is not a suitable 
solvent for this purpose, since it is partly converted into acetic 
anhydride under the influence of oleic anhydride. 

The behaviour of the anhydrides when heated under diminished 
pressure has been investigated in the ease of the compounds from 
rape-seed oil; under 22 mm. pressure, about 30% distils over 
and the residue then suddenly becomes transformed into a porous, 
rubber-like mass probably consisting of polymerised .substance.s 
which are convertible only with difficulty into the corresponding 
fatty adds. 

Hanus’s method is strongly recommended for the estimation of 
the iodine numbers on account of its accuracy and rapidity. H. W. 

Metal Salts of Thioglycollic [a-Thiolacetic] Acid. C, N. 

Myers {J. Lab. Clin, Med., 1921, 6, 359 -373). — x-Thiolacetic acid 
is prepared by heating chloroacctic acid with potassium hydrogen 
sulphide, acidifying, and extracting the free ackl with ether. When 
the clear mixture formed by dissolving metallic salts or hydroxides 
in an aqueous solution of the sodium salt is acidified, acids of the 
type SR'CHj'COjH are obtained. Tliese are generally crystalline 
.sub3tance.s readily soluble in water, but decomposing in aqueous 
solution, especially in light, with the production of a metallic 
sulphide. Salts of the type SR-CHj'COjNa arc obtained by 
addition of absolute alcohol to solutions of the metallic oxides in 
sodium cc-thiolacetate solution. Compounds of the following 
were prepared : bismuth, copper, rubidium, silver, gold, glucinura, 
cadmium, mercury, thallium, cerium, lead, vanadium, arsenic, 
antimony, molybdenum, tungsten, uranyl, nickel, cobalt, platinum, 
and zinc. Chemic.vl Abstk.vcts. 

The Significance of the Formation of Boro-complexes 
(and Acetonic Compounds) in Studying the Constitution 
and Configuration of Polyhydric Alcohols and Hydroxy-acids. 

J. Boeseken {Re,c. trav. cMm., 1921, 40, 553 — 567). — A summary 
of work carried out by the author and his students during the past 
ten years. The following conclusions are drawn : Boric acid in 
dilute aqueous solution forms strong complex acids with phenols 
and polyhydric alcohols when the hydroxyl groups are situated 
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in the same plane and on the same side of the two carbon atoms 
to which they are attached. The production of these acids is 
due to the formation of five-, and in some cases six-membered 
rings. Similar groups exert a repulsive action on each other. The 
chemical character of the organic portion of the complex has a 
minor influence on its acidity : the increase in conductivity de- 
pends primarily on the favourable position of the hydroxyl groups. 
The results enable the positions of the hydroxyl groups in space to 
be determined with respect to each other and to the rest of the 
molecule with greater certainty than hitherto; theoretical infer- 
ences are in accord with the facts when the mobility of molecular 
structure is taken into account. 

The summary deals systematically with each group of organic 
compounds members of which have been investigated. In solution, 
the carboxyl group is hydrated to C(OH) 3 , and in concentrated 
solution a-keto-carboxylic acids to — CjOHlj-ClOHlj. H. J. E. 

The Influence of some a-Keto-acids on the Conductivity 
of Boric Acid. J. Boeseken and B. B. C. Felix (Sec. irav. 
chim., 1921, 40, 568— 573).— The increased conductivity of boric 
acid in presence of pyruvic acid in concentrated solution has been 
attributed to the hydration of pyruvic acid or, alternatively, touts 
transformation into an enolic form, 

CHs'CO-COjH CH2;C{0H)'C02H. 

The latter explanation cannot apply in the case of trimethylpyrnvio 
acid, which gives similar results with boric acid. Three aromatic 
a-ketonio acids {phenylglyoxylic, mesitylglyoxylic, and phthalonio), 
each having no hydrogen atom attach^ to the 3-oarbon atom, 
have been examined for comparison. The efi'eot varies in each 
case to a different amount with the concentration. The con- 
clusion is drawn that, in concentrated solution, hydration of the 
CO-group, in addition to hydration of the COjH-group occurs, 
dissociation of the former taking place rapidly with dilution. 

H. J. E. 

The Distinction between a-Hydroxy-acids, OH-CHR'COjH 
and OH’CRR'-COjH, by the Boric Acid Method and the Space 
Configuration of these Substances. J. Boeseken (Sec. tmv. 
chim., 1921, 40, 578 — 581). — ^As the increase in conductivity in 
solutions of boric acid caused by the addition of ot-hydroxy-aoids 
depends on the space rciition of two hydroxyl groups (see above), 
such increase may be used to distinguish between the two aeries 
of acids as for mono-substituted acids, it is less than for di- 
substituted. The influence of the hydroxyl group increases mth 
the weight of R in the aliphatic aeries. In the aromatic series, 
other causes affect the regularity of the increase. When a 
hydroxyl and a carboxyl group are attached to the same carbon 
atom which forms part of a ring, the effect seems to decrease. 
Suggestions are made as to the interpretation of the results wrtli 
regard to the space configuration of hydrated carboxyl group^ 

H. J. E. 
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The Formation ol Oxalic Acid from L^in. E. Heuseb 
and A. WnrsvoLi) {Cellvhsechem., 1921, 2, 113). — Heuser, Roesch, 
and Gunkel {Cdluhsechem., 1921, No. 2) have stated that the 
alkaline fusion of lignin, prepared by Willstattcr and Zechmeister’s 
method, yields little or no oxalic acid. It is now found that a 
yield of 20% of oxalic acid can be obtained from lignin. Thus, 

4 grams of lignin and 50 gi-ama of potassium hydroxide are heated 
for forty minutes at 280°. The fused mass is dissolved in water, 
dilute hydrochloric acid added to precipitate unaltered lignin, and 
from the filtrate, after clarification with animal charcoal in the 
usual manner, the oxalic acid is precipitated as calcium oxalate 
(1-010 grams) ; cf. A., 1919, i, 58, 239, 368. F. M. R. 

Preparation of Fumaric Acid. Cart. Wehmer (Brit. Pat. 
146411). — Fumaric acid is obtained by the fermentation of sac- 
charine liquids such as beer wort, grape juice, or solutions of sucrose, 
dextrose, maltose, etc., containing the requisite nutritive material, 
with a pure culture of AspergiUm jamnicus, otherwise known as 
i. fumaricus. For example, 100 grams of sugar in 1 litre of water 
are sterilised and inoculated with the fungus ; 35 grams of calcium 
carbonate and the usual nutritive salts for the fungus are added, 
and after two to three weeks’ fermentation at 20° about 120 grams 
of crystalline calcium fumarate will have been deposited from the 
solution. From this salt fumaric acid is obtained by any of the 
usual methods. G. F. M. 

Experiments on the Synthesis of the Polyacetic Acids 
of Methane. IV. Conditions of Formation by the Cyano- 
acetic Ester Method of Stable Methanetriacetic Esters. 
Cheistophee Kelk Ingold and Edwakd Abthue Pebeen (T., 
1921, 119, 1865—1868). 

Experiments on tbe Synthesis of the Polyacetic Acids of 
Methane. V. The Preparation of Carboxymethanetriacetic 
Acid. Christopher Kelk Isgold and Walter Jambs Powell 
(T., 1921, 119, 1869—1874). 

Phosphoric Esters of some Substituted Glucoses and 
their Rate of Hydrolysis. P. A. Levekb and G. M. Meyer 
[with I. Weber] (J. Biol. Chem., 1921, 48, 233— 248).- The present 
paper is a continuation of one by Levene and Yamagawa (A., 1920, 
i, 712). The rates of hydrolysis of the following phosphoric esters 
were studied, the amorphous barium salt being employed in each 
case : (1) ^-Phosphoric ester of a-, (i-, y-, «-diacetone-glucose, (2) 
(•phosphoric ester of a|3-monoacctone-glucose, (3) phosphoric ester 
of a^-monoacetone-glucose, (4) y- or c-phosphoric ester of ap-mono- 
acetone-glucose, (5) (-phosphoric ester of p-yr-trimethyl methyl 
glucoside, (6) p-phosphoric ester of y€(-triracthyl methyl gluooside. 
The positions of the phosphoric acid groups, where stated, were 
determined by the method of preparation. (2), (3), and (4) gave 
hydrolysis constants of 58(10-^), 44(l(r®), and 24(10"*) respec- 
tively; the rate of hydrolysis of (1) was identical, and that of (6) 
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almost identical, with that of (2), whilst (6) did not yield a con. 
stant, a result which was attributed to the probable presence of 
trimethyl glucose as an impurity. The authors conclude from 
these results that the stability of the phosphoric acid group depends 
on its position in the sugar molecule. (6) Was prepared by the 
following method : otp-monoacctone-glucose was methylated by 
means of methyl sulphate, giving ye^4rimdhyl-0L^-monoacfJme-gliKose 
b. p. 88—9070-03 mm.. [nK — 28-.5°. Hydrolysis of this gave 
■yf^-trimethylglucose, b. p. 147°/0-0.') mm., [a]!? —10-95° initial, 
— 14-6° final, which was converted into yt^-trimethylrmthylglMoside 
b. p. 135°/0-035 mm., by heating with methyl alcohoKc hydrogen 
chloride (ef. Irvine and Scott, T., 1913, 103 , 573). E. S. 

The Constitution of Polysaccharides. III. The Relation- 
ship of l-Glucosan to <J-Glucose and to Cellulose. James 
C oLQUHOUN Irvine and John Walter Hyde Oldham (T., 1921 
119 , 1744—1759). 

The Thermal Decomposition of Sucrose under Reduced 
Pressure. Joseph Reilly (J. Soc. Chem. Ind., 1921, 40, 249— 
251t). — A study of the dry distiUatioii of sucrose under similar 
conditions to those which have been employed already with cellu- 
lose or starch. On an average, the yield of distillate collected at 
60° was about one-quarter that obtained in comparative experi- 
ments with cellulose or starch, and was also less than that preidously 
obtained from p-glucose or certain p-glucosides. In the dry distil- 
lation of sucrose under reduced pressure, there is much decom- 
position, and the distillate, after purification, appears to be a 
mixture which contains substances closely related to the sugars. 
The presence of f-glucosan in the mixture was established through 
the formation of tribenzoyl-Z-glucosan, m. p, 198-5 — 200°, but the 
amount could represent only a small proportion of the original 
sucrose molecule. Assuming that the breakdown of sucrose 
follows similar hnes to the breakdown of cellulose under .similar 
conditions, this result indicates the absence of the p-glucose .struc- 
ture as a main grouping in sucrose structure. The presence of a 
second compound in the distillate was suspected, for a small 
quantity of a nitrate, white crystals, m. p. 138 — 145°, was isolated 
from the products of nitration of the purified distillate and differed 
from t-gluoosan trinitrate and tevulosan trinitrate. 

The presence of furf'u-aldehyde in the distillate was shown by 
the formation of furfuramide, m. p. 117°, furfurylidencacetone, 
m. p. 39 — 40°, and the p-nitrophenylhydrazone, m. p. 136—137°. 
Derivatives of furfuraldehyde were also present, hut were onjy 
qualitatively studied. Acetic acid is the principal acid present in 
the distillate. During the thermal decomposition of sucrose under 
reduced pressure, gases and vapour are evolved continuously . In one 
experiment, formaldehyde wa.s detected, and in other experiments, 
in which 99 c.c. of gas at 20°/753 mm. were obtained from 1 gram 
of pure sucrose, the presence of carbon dioxide, carbon monoxide, 
and unsaturated hydrocarbons, and a saturated hydrocarbon was 
observed. S’- 
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Method of Dispersion of Cellulose in Concentrated Aqueous 
Solutions of Neutral Salts. P. P. von Weimars (Kolloid Zeitsch., 
1921, 29, 197 — 198). — An answer to a criticism of Herrog and Beck 
(this vol., i, 97) of the author’s work on the dispersion of cellulose 
in concentrated aqueous solutions of neutral salts (A,, 1912, i, 
079), The author points out that whilst cellulose may be dis- 
persed in aqueous solutions of sodium iodide, calcium bromide, 
calcium iodide, strontium iodide, and barium, calcium, and strontium 
thiocyanates under atmospheric pressure, in other cases, such as 
solutions of sodium, potassium, aud barium chlorides, increased 
pressure must be employed. J. F. S. 

Swelling and Dispersion of Cellulose in Concentrated 
Aqueous Solutions. P. P. von Weimarn [Kolloid Zeitsch., 1921, 
29 , 198 — 199). — Cellulose may be dispereed in a solution of any 
easily soluble salt of a sufficiently great concentration, and the 
degree of dispersion is .so much greater the more soluble and the 
more hydrated the salt is. Dispersion and swelling of cellulose 
may also be effected by bringing it into contact with water under 
a large external pressure. The swelling and dispersion produced 
by .salt solutions increase in the following order : sodium chloride, 
barium chloride, potassium iodide, strontium chloride, calcium 
bromide, and lithium chloride at ordinary temperatures and pres- 
sures. Tn the case of sodium chloride, the .swelling is scarcely 
noticeable after the materials have been in contact for five years 
and eight months, whilst with lithium chloride complete swelling 
has occurred in a much shorter time. J. F. S. 

Chloro-cellulose Esters, and the Action of Chloro-acyl 
Chlorides on Cellulose. W. hRic.n Barnett (•/, Soc. Chm. 
Ind., 1921, 40, 253 — 256t). — The action of ehloroacetyl chloride 
and also of the mixed chloroacetic-acetic anhydride on cellulose is 
one of esterification accompanied by resolution of the cellulose 
coupled with partial hydration of the cellulosic residue. The 
hydration occurs during the treatment of the ester with water 
while it is being freed from acidic impurities, llore than fifty 
preparations were made from cellulose and ehloroacetyl chloride 
under different conditions, aud in many cases the reaction could 
not be checked in time to isolate solid esters insoluble in water, 
for, in general, rapid degradalion of the complex accompanied 
esterification, and resulted in the formation of water-soluble esteri- 
fied carbohydrates. In a typical preparation, 1 gram of cellulose 
was moistened with aiu-tic acid (which just previously had been 
coloured by chlorine) and the excess liquid removed by squeez- 
ing; 10 c.c. of a mixture of 1 part of pyridine with 2 parts of 
toluene were added ; and then slowly with stirring 8 c.c, of chloro- 
acetyl chloride, containing a trace of sulphur dioxide. The cellulose 
gelatinised gradually, and the solution became very dark, but 
t'loaied somewhat on warming. The gelatinous maiss obtained on 
cooling consisted of a product .soluble in alcohol, cellobiose hepta- 
acetate, and a celliilase glycdlcUc, [C 5 Hj 02 {C 02 'CH|,' 0 H) 3 ],,HCl, 
soluble in ether, finally obtained as a white powder, m. p. 237 — 238°. 



i. 848 


ABSTRACTS OP CHEMICAL PAPERS. 


The glycoUio estera of cellulose were investigated further, and a 
large number of mixed esters, with definite melting points and 
great solubility in acetone, were obtained, for example, 
[(CeH,Oj)3(CO,-CH2-OH),(OAc)2]i2,10HCl, 
a white powder, m. p. 256 . The action of dichloroaoetyl chloride 
on cellulose in presence of pyridine, diluted with benzene, is more 
vigorous; the products are not uniform, but consist of cellulose 
acetates with chlorinated esters. The esterification of cellulose 
proceeds smoothly with chloroacctyl chloride in acetic acid solution 
together with traces of chlorine and sulphur dioxide, and the 
products can be isolated as required. The products all correspond 
with the general formula (Ci4H330|„)nHCl, and appear to be mixed 
esters of acetic and hydracrylic acids. They are powders possessing 
definite melting points which decrea.se with diminution in the 
value of H, whilst the chlorine content increases. When melted 
they form transparent liquids which solidify to almost colourless 
resins on cooling. For example, (Ci4H2jOiq)i 2HC1, m. p. 225— 
226°; [C6H.02(C0./CH,-CH2-0 H)j- 0 Ac], 8,HC1, m. p. 222°, which 
forms a red p-broinophenylhydrazone, m. p. 196° with deeomp • 
(CijH^oOjoliiHCl. m. p. 202°; (C,4H2o04o),,HCl, m. p. 224^225°, 
which forms a benzoate, m. p. 230°; (CjjHjnOjdjjHCl, softens at 
190°, m. p. 202° ; (C,4H2oO,|,)4HCl, with no definite melting point, 
but forms a syrup at 168°. 

Attempts to prepare a similar series of products by using mixed 
acetic-chloroacetic anhydride, CHj'CO'O-CO-CHjCl, led to products 
of the general formula [05H702(0Ac)3]„,HCl. 

At no stage in any of the series of cellulose esters, or derivatives 
therefrom, is there an abrupt change in properties, but throughout 
as the magnitude of the cellulose complex diminishes so the physical 
constants such as .solubility and melting point become clearly 
defined, and also follow a general order, the solubilities increasing 
and the melting points decreasing with diminution of the number 
of cellulose units left in the esters. F. M. R. 

Investigation of the Viscosity of Cellulose Acetates, Axx.i 
VOS Fischer {Kolloid Zeitsch., 1921, 29, 260-— 265). — It is shown 
that the suitability of a cellulose acetate for the production of a 
plastic substance cannot be decided from its viscosity alone, but 
from the viscosity-composition curve. The viscosity of cellulose 
acetate in a series of solvents has been investigated, and the influence 
of temperature determined in some cases. The solvents examined 
were : acetone, acetone-alcohol, acetone-20% camphor, acetonc- 
40% camphor, acetone-10% triacetin, aoetone-2.5% dichlorohydrin, 
acetone-50% dichlorohydrin, and acetone-10% p-toluenesulphoii- 
amide. It is shown that the thirty-nine specimens of cellulose- 
acetate examined may be classed in seven viscosity types. A 
viscosity minimum in a mixture of acetone and alcohol containing 
90 vol. % of acetone indicates an unusable cellulose acetate; whilst 
a cellulose acetate which gives a minimum viscosity in the mixed 
solvent containing 80 vol. % of acetone is a particularly usable 
specimen. Between the good type, 7, and the poor type, 1, iw 
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difference could be found in the viscosity curves. Addition of 
Japanese camphor and triacetin increases the viscosity of cellulose 
acetate in pure acetone solution. The addition of dichlorohvdrin 
and p-toluenesulphonamide increases the viscosity of solutions of 
the one cellulose acetate but decreases that of the other Pre- 
liminary experimenta on the viscosity of solutions of cellulose 
nitrate are descnbed. J F S 

Relation to Lignin of Crude Resin and Tannic Acid in 

Pappers-Tid., 1921 

24 , 191 195). A summary and extension of conclusions based 
on iave.stigations by Klason (A., 1920, i, 148, 474, 821). 

Chemical Abstracts. 

Lignin Substance. K. H. A. Melasueb (Svensk 
fi4 1921, 24, 195— 196),— Review of a dis.sertation by L 
Hochfelder. By digestion of spruce chips with phenol, two sub- 
atanoes, hgmn substance-i ” (insoluble in ethyl ether) and 
■' ligmn substoce.|3 ” (soluble in ethyl ether) were obtained in the 
proportions of 23;1% and 18-6% respectively. The molLle of 
the former contains three hydroxyl groups, but no carboxvl or 
carbonyl groups. Chemical Abstracts. 

Lignin. I. Sulphite Liquor Lactone. Bros Hoi meero 
‘ 921 54, [B] 2S89-24}6).-Much of this paper hT been 
already published (this vol., i, 25). 

If, as proposed, the sulphite liquor lactone is that of diguaiacyl- 
tetramethylenecarbinolcarboxylic acid, the latter will have the 
constitution, 

OMe 


0hQ-CH<®|CH^OH^H-/ \0Hor 


OMe 


OH-CH2-CH-(|)H-CcH3(OH)-OMe 
C02H-ClI-CH-CsH3(0H)-0Me. 
The lactone crystallises in smaU, white, six- or eight-sided plate.s 
or in Hat, oblique, or wedge-shaped or triangular, pointed prisms, 
and in boibng acetone has the molecular weight corresponding with 
he formula C 2 gH 2 oOg. In alcoholic solution, it gives with ferric 
cliloride a green coloration changing to broivn, and with nitrite 
and concentrated sulphuric acid a brown solution, becoming green 
and then violet. With phloroglucinol and hydrochloric acid, it 
gives no reaction, but an alkaline solution which has been attacked 
oy the air gives an intense cherry-rcd coloration with this reagent ; 
tie ^nosulphouic acids of sulphite liquors exhibit similar beha^our 
(cf. Klason, A., 1918, i, 59). 

The corresponding hydroxy-aeid separates in bundles of capillary 
ha r various salts are described. The amide 

« I L • derivative of the lactone [a]g — 73-5°, 

hulphonation of the lactone and subsequent treatment with 
ater yields a monosulphonic acid of the hydroxy-acid, 
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which forms a crystalline powder, m, p. 172—173° (decotup,); 

the harium salt of this acid was analys«l. 

When hrominated in ethereal solution at the ordinary tempcn. 
ture the lactone yields : (1) a triirOHio-derivativc, CgjHjjOjBr,. 
which crystetUses in small, acieular prisms united to stellar ot 
leaf-like aggregates, sintering at about 230°, m. 238— 2t0‘ 
(decomp ), [a]?? -l-20-5°, and (2) alrfrairomo-derivative^ CjuHjjOjBr,, 
forming small, brownish-yellow crystals, sintering and darkening at 
about 255°, m. p. 260° (deeomp.), +30-9°. 

When oxidised by means of various reagents, the lactone or the 
hvdroxy-aeid gives no definite compounds other than oxalic acid. 
The lactone withstands virtually without alteration a temperature 
of 220—230°, but at 250-- 260°, either at the ordinary, or slightly 
redueed pressure, it uiideigocs transformation into products 
apparently identical with those obtained by treating the lactone 
either in the cold or more rapidly in the hot with sodium cthoxidc. 
One such product, m. p. 210-211°, [«Ji! +28 , contained 64-8% C 
and 5-9 — 6'1% H, and another, m. p. 210— -12 , [«]„ +29 , 65-o— 
66'0”/ C and O- 1—5-9% H; others showed the same melting 
points arid rotatory powers as these but varied in composition 
between that of the lactone and that of the acid. I . H. P. 

Lia-nin II Dimethyl-sulphite-liquor Lactone. Beoe 
HolmZo and JIartik &6bero (Ber., 1921, 54 [U], 2406- 
2417) —Treatment of the lactone previously described (preceding 
abstract) with methyl sulphate yields its ^methyl derivative lo 
which the name n-dimethyl-sulphite-liquor lactone is given, This 
lactone, when subjected to the action of sodium cthoxide, is con. 
verted into the optically inactive p-dimethyl-sulphite-hquor lactone, 
which is a racemic compound but is apparently diastereomenc 
with the a-compound, and may be hydrolysed to an optically 
active, stereochemically individual hydroxy-acid. 

That portion of the ethereal extract of the sulphite hquors which 
is soluble in alcohol is found to contain small proportions of pyro- 

mucic and vanillic acids, . 

The .-dimethyl-laclom, C„H,A(OUe)„ oms^ 
capillary crystals, m. p. 1(9—180, [nji, — 100 9 , [cc]„ 99 . , 

and, when heated in a vacuum, yields white, crystalline sublimates 
and a residue consisting largely of the ^compound The coto- 
ponding hydroxy-acid, C.,H 0, forms slender cr^ K 

m. p. 150—156° (frotning), [a]i, +38'o , [“li, 
salts are described. Oxidation of the lactone in different ways 

separates in flat, white needles 

or cay,uyTrystals, m. p. f42^-ill3°. The P'f 
r H 0 crystallises in superimposed, colourless, reotang 
pi®+3ftO). P- >‘''->‘ 95° (not sharp), [«]S +5^1 t. f - 


Limin. III. Alkali Lignins. Beoe Houiberg and Teodor 

Wi^Z (Be,., 1921, 54, [B], 2417-2425).-Thc authors have 
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investigated the so-called black liq^uor obtained as waste product 
in the soda-cellulose process ; the original wood was mainly pine, 
1 part of sodium oxide being nsed in the extraction of 5-8 parts 
of absolutely dry wood, and no sodium sulphide being employed. 
With this liquor, sulphuric, hydrochloric, acetic, and carbonic 
acids gave apparently identical precipitatas, which are .separable 
by treatment with alcohol into two principal fractions : (1) n-Lignin, 
which is insoluble in alcohol, has a composition corresponding 
with the empirical formula, and (2) A-lignin, soluble 

in alcohol and having a compo.sition corresponding with C 4 |,Hj 40 j 2 . 
Both are greyish-yellow to yellowish-brown, amorphous powders, 
and both readily yield colloidal solutions and behave like phenolic 
compounds of high molecular weight, klach contains between 
three and four methoxyl groups per Cio-complex, this number 
being increased to about six by treatment of the lignin with methyl 
sulphate. When fused with potassium hydroxide, as described 
by Honig and Fuchs (A., 1920, i, 291), these lignins yield, like the 
ligninsulphonio acids of sulphite liquors (Mclander, A., 1919, i, 
473), acetic and protocatcchuic acids, and also oxalic acid. 
Attempts to obtain definite degradation products by oxidising 
the lignins or by heating at low pressures have as yet been 
unsuccessful, T. H, P. 

Dimethylvinylamine. Kcrt H. Meyeu and Heixeicii Hopfp 
{Ber., 1921, 54, [5], 2274 — 2282; 2942). — Diraethylvmylamine, 
NMcyCHiCH,, has been prepared in morlcrate yield by the dry 
distillation oi neurine chloride. It fulfils the theoretical expecta- 
tions of Meyer and Lenhardt (.A., 1913, i, 723) and Meyer (this voL, 
i, 855) in that it is an e.xceedingly reactive product which is par- 
ticularly characterised by the great readiness with which it under- 
goes polymerisation. 

Dimeth/kinylamine, a mobile liquid, b. p. 37 — 38”, is obtained 
by the dry distillation of neurine chloride, the operation being 
interrupted when the thermometer (in the vapour) records 80°. 
It readily unites with bromine in cold In’drochloric acid solution 
and couples with diazotised nitroaniliiie in acetic acid solution to 
an unstable orange azo-dye. It is decomposed into dimethylamine 
and acetaldehyde by warm dilute hydrochloric acid. The freshly- 
distilled base becomes completely polymerised to a white solid 
within twelve hours. 

Neurine is prepared by the action of freshly-precipitated silver 
oxide on a concentrated aqueous solution of trimethyl- |3-broino- 
ethylammonium bromide and isolated as the colourless, crystalline 
Inhydrate, by concentration of the filtered solution in a high vacuum 
over phosphoric oxide at 5 — 10°; it is extremely hygroscopic and 
decomposes with great readiness when its solution is slightly 
warmed, AVhen subjected to dry distillation, neurine gives a 
small amount of dimethylvinylamine, but is mainly decomposed 
into trimethylamine and vinyl alcohol, which is isolated as acet- 
aldehyde. 

Choline has been isolated as a colourless, extremely hygroscopic, 

i i* 2 
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crystalline substance which, when distilled, decomposes in all 
three possible directions, yielding mainly trimethylamine and 
ethylene glycol, with smaller amounts of P-dimethylaminoethyl 
alcohol and minimal quantities of dimethylvinylamine. Under 
similar conditions, choline chloride gives p-dimethylaminoethyl 
alcohol and methyl chloride. 

Attempts to prepare diethylvinylamine by the following sequence 
of reactions are dcscrihed. p-Diethylaminoethyl alcohol is trans. 
formed by hydrobromic acid (66%) at 130 — 135° into a-bromo-^. 
dicthylaminoMune. hydrobromide, NEtj’CHj-CHjBr.HBr, colourless 
needles, m. p. 209°, from which a-bromo-|3-diethylaminoethane is 
obtained as a colourless hquid which readily undergoes polymer, 
isation, b. p. 63°/0-3 mm. (In alcoholic solution it is speedily 
transformed into tetradhylpiperazonium dibromide, 

Et?N<^:-ci{:>N<B^> 

colourless platelets or short prisma, dccomp. 308®.) The action 
of a very large excess of pure liquid trimethylamine on freshly- 
distilled a-hromo-^-dicthylaminoethane leads to the formation cf 
^•diethyhmirwetkyUrimdhyhmmonium bromide, 

NEt2-CH2*CH2*NMe3Br, 

colourless, hygroscopic crystals, m. p. 208®, which is transformed 
by silver oxide into the corresponding crystalline ammonium base. 
The latter is decomposed when distilled giving minute amounts 
of diethylinnylamhie, water, and trimethylamine and mainly methyl 
alcohol and a^-dimetkylamino-^-dielhylaminoethine, a colourless liquid 
with a faint odour of ammonia, b. p. 156 — 157® (the dihydrebrotnide, 
p. 207—208®, pkUinichhride, yellow octahedra, m. p. 220®, and 
picrate, lemon-yellow needles, m. p. 240®, are described). a-BrorDo- 
0-diethylaminomethane gives small quantities of diethylvinylamine 
when distilled with powdered potassium hydroxide. H. W. 


Manufacture of Additive and Condensation Products con- 
taining Nitrogen from Acetylene and Ammonia. Che.vusche 
Fabrik Rhenahia Akt.-Ges., Bernhard Conrad Stuee, and 
Walther Geob (Brit. Pat. 147067).— Condensation products of 
acetylene and ammonia are obtained by passing the mixed gases 
in either a dry or moist condition, at normal or increased pressures, 
over catalysts, other than metals or metallic nitrides, such as, 
particularly, the oxid' s of iron or natural ores of iron, such as 
bog ore, bauxite, or chrome ironstone. The temperature of the 
reaction may vary within wide limits ; the higher the temperature, 
the further the condensation proceeds. For example, at about 
350® the reaction CjHa+NHa^CHg'CN+Hg predominates. Further 
condensation between 2 or 3 mols. of acetylene and^ 1 moi. ot 
ammonia results in the formation of pyrrole and picoline res- 
pectively, and at 550® the formation of the latter substances and 
their homologues becomes more pronounced. For obtaining 
acetonitrile, the gases escaping from the contact space are cooled 
and the condensate is distilled, aqueous acetonitrile passing o'er 
at 72-80°, G. F. M. 
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The Valency Problem o£ Sulphur. V. Molecular We^ht 
of Thiocyanogen. Hans Lecher and Alfred Goebel {Ber., 
1921, 54. [B], 2223—2229; cf. this vol., i, 414).— The instability 
of isolated thiocyanogen (Soderback, A., 1920, i, 219) renders the 
estimation of its molecular weight in solution a matter of difficulty. 
This, however, can be accomplished by the cryoscopic method by 
allowing a known weight of bromine to react with lead thiocyanate 
in the presence of bromoform, Pb(SCN)2+Br2=PbBr.j4-(SCN)2, 
and measuring the depression of the freezing point thus caused. 
Perfectly colourless .solutions are obtained which cannot contain 
more than traces of free bromine. Prehminary experiments show 
that lead bromide and thiocyanate are praeticall}^ insoluble in 
bromoform, that the former does not combine with bromine to 
yield a tetrabromide, and that the latter does not unite with thio- 
cyanogen to give a tetrathiocyanate under the experimental con- 
ditions adopted. The molecular formula of bromine in freezing 
bromoform is Br^. Even in very dilute solution, thiocyanogen 
shows no sign of dissociation, the molecular weight in 0-026 — 
0-278A solution remaining constant and in good agreement with 
that required by the formula (CNSfj. In more concentrated 
solution (0-548— 1-095-iV), a reversible association is observed to 
some extent, which is shown conclusively not to be due to in- 
cipient decomposition and consequent formation of polymerised 
products. It follows, therefore, that free thiocyanogen shows no 
analogy with the hexa-arylethanes, as suggested by Sfiderbaok 
(loc. Cit.). The great reactivity of the substance is probably to be 
ascribed to the affinity of the sulphur atoms towards electrons; 
the substance thus falls into line with the halogens in this respect 
(cf. Bom, A., 1919, ii, 214; 1920, ii. 156; Fajans, A,, 1920, ii, 12). 

H. W. 

The Friedel-Crafts’ Reaction. III. Migration of Alkyl 
Groups in the Benzene Nucleus. M.^rRiCE Copisarow [with 
Cyril Norman Hugh Long] (T., 1921, 119, 1806 — 1810). 

Manufacture of Chlorinated Derivatives of Toluene. 

British Dyestuffs Corporation, Ltd., Arthur George Green, 
and Douglas Arthur Clibbens (Brit. Pat. 169025). — The chlorin- 
ation in aqueous solution of toluenc-p-.sulphonic acid or its soluble 
salts rasults in the formation of 2 : 5-dichIoro- and 2:5: 6-tri- 
chloro-toluene-4-sulphonic acids, which are readily separated from 
one another by taking advantage of the much greater insolubility 
in water of the sodium salt of the trichloro-acid. If 680 ^ams of 
toluene-p-sulphonio acid neutralised with sodium hydroxide and 
dissolved in sufficient water to make about 1 1 litres are chlorinated 
until 10 c.c. of the solution have acquired an acidity equivalent 
to 5-5 c.c. of iV -alkali, nearly the whole of the sodium 2:5:6- 
trichlorotoluenc-4-sulphonate separates out in crystals, and the 
dichlorosulphonate is recovered in a practically pure condition by 
evaporating the mother-liquor. The sulphonates on hydrolysis 
give good yields of pure 2 : 5-dichloro- and 2:5: 6-trichloro-toluene 
respectively. G. F. M. 
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Manvifacture of Chlorinated Derivatives of Toluene. 

British Dyestuffs Corporation, Ltd., Arthur George Ghjek 
and Alfred Edwin Herbert (Brit. Pat. 170066). — The chlorin! 
ation of toluene-o-sulphonic acid or its soluble salts in cold aqueous 
solution results iu the formation of a mixture of the 4-ohloro- and 
6-chloro-derivatives, which arc readily separated owing to the 
much greater solubility of the salts of the 4-chloro-acid. Thu.s if 
a suitable concentration is selected, pure sodium 6-chlorotoluene- 
o-sulphonate separates and the mother-liquor on evaporation 
yiekts almost pure sodium 4-clilorotoluene-o-sulphonate, from 
which salts, by hydrolysis, pure 4-chloro- and 0-chloro-toluene are 
obtainable. By chlorinating in more dilute solution at a tem. 
perature not exceeding 60°, a mixture of dichloro- and trichloro- 
toluene-o-sulphonic acids is produced, from which the latter can 
easily be isolated on account of the sparing solubility in water of 
their sodium salts. G. F. M. 

Pentabromobenzene. Alfred Eckert (.7. pr. C'hein., 1921. 
[11], 102, 362).— The compound, m. p. 293°, previously regarded as 
pure pentabromobenzene (A., 1915, i, 666), is found to be con. 
tarainated with hoxabroraobenzene, which is formed by the action 
of concentrated sulphuric acid on the iwiilabromo-compound, 
When pure, the latter has m. p. 169—160° (cf. Jacobsen and Loeh, 
A., 1900, 1, 281). T. H. P. 

o-Chlorodinitrotoluenes. IV. 2-Chloro-3 : 4-dinitrotoluene. 

Gilbert T. Morgan and Thom.is Glover (T., 1921, 119, 1700- 
1706). 

mtti'-Dinitrodipbenylsulphone. J. Martinet and A. Haehl 
{Coinpl. rend., 1921, 173, 775— 777).— The dinitrodiphenylsulphone 
obtained by Gcricke (Annakii, 1856,100, 211) by the direct nitration 
of diphenylsulphone, and considered by him to be the oo'-, is now 
shown to be the ram'-compound. On reduction with tin and 
hydrochloric acid, it givc.s mm-'-diaminodiphenylsulphone, m. p, 
108° (cf. Gericke, /oc. ci/.), which yields a nitrate, a -picrate, an 
oialafe, m, p. 175°, and a diacetyl derivative. When the diamine 
is diazotised and the subsequent solution added to boiling dilute 
sulphuric acid, dihydroxydiphenylsiilphone, m. p. 186—187’, 
previously prepared by Tassiiiari from p-bromophenol (cf. A., 
1887, 807 ; 1889, 245), is obtained. W. G. 

Production of AlkylanUines. E. I. du Pont de Nemours and 
Go. (Brit. Pat. 145743). — Alkylanilines are obtained by heating 
together at a high temperature aniline, an alcohol, and a catalyst 
containing iodine, such as methyl iodide, hydrogen iodide, or 
ammonium iodide. For example, 96 parts of methyl alcohol, 
93 parts of aniline, and 1-35 parts of methyl iodide may be heated 
in a digester at 220—240°. The liquids separate into two layers, 
one containing dimethylaniline, and the other the excess of alcohol 
used, water, and .solid iodine compounds, which are recovered by 
distilling off the alcohol and evaporating to dryness. The residue 
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is likewise catalytically active, and may be employed in subsequent 
operations instead of methyl iodide. G. P. M. 

The Action of a-Sulphopropionic Acid on some Aromatic 
jjono- and Di-amines. H. J. Backer (Rec. Irav. chim., 1921, 

582 592). — The action of ot-siilphopropiomc acid on excess of 

an' amine is in the first place to produce a compound by condens- 
ation of the carboxyl group of the acid with the NH^-group, and, 
secondly, for the sulphonic group to react with a second molecule 
of the. amine. The second amine molecule may be replaced by an 
inorganic base, and by preparing barium salts in this manner the 

„„ arylaminepropion-d-sulphonio acids may 

,, be obtained by the action of sulphuric acid. 

/ \ In the case of p-naphthylamine, the second 
I I molecule of the amine reacts to form a 
'sn ®o^^cule of p-dinaphthylamine. Some 

bUjH INIlj diamines react in such a way that the 
second NHj-group fulfils the same function as the. second molecule 
of a primary amine, thus p-phenylenediamine forms a compound 
to which the annexed formula is attributed. 

The following compounds have been prepared ; n-Snlphopropion- 
anilide, SOjH'CHMe-CO-NHPh, a white, hygroscopic substance, 
m. p. about 205°, its aniline ester, white needles, m. p. about 255°, 
its sodium, barium, copper, copper ammonium, copper pyridine, and 
cobalt salts; the p-toluidine ester of a-stilphopropion-p-toluididc, 
white needles, m. p. about 251°, also the sodium, salt ; p-a»isidine 
u-sulphpropionate, violet powder, m. p. 122°, its p-anisidide, bluish- 
violet ory.stals, m. p. 242°. p-Ph.neiidine a-sulphoprop/ionate, 
m, p, 148°, the corresponding \>-pheiielidide, violet plates, m. p. 
252°. ^-Naphliylamim a-sulpbo propionate, white substance, m. p. 
203°. p-Phenyknediamine a-siilphopropionale, violet, crystalline 
powder, m. p. 210° (decomp.), a-^ulphnprnpion-p-aminoanilide, 
dark blue powder, m. p. 24()’ (deconip.). o-Phenyknediamine 
a-siilphopropionatc, brown powder, m. p. 165 . Henziminazok' 
i-ethyl-a-sulphonic acid, t'.N 2 H 5 ’GHi[c'S 03 H, a grey, crystalline 
powder, henziminazole-t-svlphonk acid, small, white needles, m. p. 
above ,300°. The fonuation of the last two substances, by the 
action of a-sulphopropionic acid, on o-phenylenediamine, provides 
a simple method for the preparation of iminaxole and its derivatives. 

H. J. E. 

Substitution Processes. Klkt H. Meyer {Ber., 1921, 54, 
[/?], 2265— 2273).— The remarkable reactivity of phenol in contrast 
mth benzene has been explained by supposing it to react in the 
ketonic form and also by the assumption that the hydroxyl group 
enables it to form primary ethor-like additive compounds which 
only pass secondarily into nuclear-substituted products. Neither 
theory is, however, tenable, since it is found (cf. Meyer and Len- 
hardt. A., 1913, i, 723) that phenolic ethers are as reactive as the 
phenols themselves. It appears to be a perfectly general rule 
that all double bonds (aliphatic, aromatic, or heterocyclic, simple 
or conjugated, CIC or GIN-) have increased capacity for reaction 
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in the presence of hydroxyl-, methoxyl-, amino-, or dimethyl-amiao. 
groups and become “ activated ” towards diazo-compounds 
nitrous acid, oxidising agents, halogen, etc. Phenol is therefore 
simply a member of a large class of products with “ active double 
bond.” 

The parallelism between aliphatic and aromatic compounds is 
shown in the increasing reactivity in the series, ethylene, vinyl 
ethyl ether, dimethylaminovinylamine (Meyer and Hopfl, thi.s 
vol., i, 851), on the one hand, and benzene, anisole, and dimethyl, 
aniline, on the other. 

According to the author's conception, substitution in phenols 
enols, etc., is a reaction of the double bond, probably dependent 
on primary addition ; the hydroxyl- and similar groups only play 
the part of activators and make the double bond more highly 
reactive. Evidence in favour of this view is found in the abihty 
of aliphatic hydrocarbons to couple with diazo-compounds (Meyer 
and Schoeller, A., 1920, i, 97) and the extension of this reaction 
to aromatic hydrocarbons, for example, mesitylene (Meyer and 
Toohtermann, this vol., i, 895). The close connexion between 
ortho- and para-substitution is thus simply a case of 1:2- and 
1 : 4-addition such as is observed frequently with aliphatic con- 
jugated double bonds. 

The hypotheses that mesitylene, aniline, and phenol show in 
principal similar substitution reactions leads to the conclusion 
that the primary action is also additive in the cases of the latter 
compounds. An apparent difficulty therefore arises in the inter- 
pretation of the observations that many amines, particularly 
aniline, and many phenols react witli diazonium salts to yield 
compounds in which the diazo-residue is attached to the nitrogen 
or oxygen atom. This difficulty is removed if, for example, diazo- 
aminobenzene is not regarded as a necessary intermediate product 
in the preparation of amino#zobenzene. Evidence is adduced to 
show that the latter is not formed by the transformation of diazo- 
aminobenzene, but either by the action of the latter or of re-formed 
diazonium chloride on aniline. Incidentally, the formation of 
diazoamino-oompounds in the coupling process can be completely 
avoided and the operation can be conducted in such a manner 
as to lead directly to aminoazo-products. 

The groups can be arranged in order of their increasing activation 
of the degree of unsaturation as follows : -Me, -OMe, -OH, -NH;, 
•NMcj. Measurements of the rate of hydrolysis of aromatic bromo- 
compounds by alcoholic sodium hydroxide solution at 180° shows, 
as is to be expected, that the exaltation of additive capacity is 
paralleled by increase in the firmness of the anion of the bromine 
atom in the benzene ring (the experimental material comprises 
bromobenzene, p-bromotoluene, p-bromoanisole, p-bromophenol, 
p-bromoaniline, p-bromodimethylaniline). Conversely, the pres- 
ence of groups which diminish the additive capacity, for example, 
NOj, increase the reactivity of the halogen atoms. Further, in 
the case of the tetra-arylhydrazines, it is to be expected that increase 
in the unsaturated nature of the benzene ring would increase the 
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^ssociability ; this is found to be the case, the effect of the various 
OToups being exactly similar to that which they exert on the reactive 
opacity of the double bonds. 

All activating groups which are attached to the terminal carbon 
atom of a conjugated system cause exaltation of the molecular 
refraction, the extent of which is exactly parallel to the chemical 
influence of the groups. 

[With Heinrich Hopff and Walter Felix.}— p-Nitro-p'- 
aminoazobenzene, m. p. 137°, is formed by the addition of solid 
aniline hydrochloride to a solution of sodium nitrosoamine and 
hydrochloric acid in water. p-Aminoazobenzene is prepared 
(iiiectly by the treatment of a solut ion of benzcnediazoniuin chloride 
in water with a concentrated aqueous solution of aniline hydro- 
chloride. Diazoaminobenzene is converted by m-toluidinc at 35° 
in the presence of a little m-toluidine hydrochloride into benzene- 
azo-m-toluidine, m. p. 76°. H. W. 

Freezing-point Curve of o-Cresol-Naphthalene. F. H. 

Rhodes and F. E. Hasce {J. Physical Ohm., 1921, 25, 491 — 494).— 
The freezing-point curve of the system o-cresol-naphthalene has 
been determined, and it is found that the eutectic point lies at 
20'6° and the eutectic mixture contains 22’5% of naphthalene. 
The system is remarkable on account of the case with which mixtures 
containing relatively large amounts of o-cresol are supercooled. 
So much so is this that mixfure.s containing far more o-cresol tlian 
the eutectic percentage on seeding witli a crystal of naphthalene 
will deposit naphthalene. Such mixtures often sliow two “ freez- 
ing points,” one at which solid o-cresol is in stable eiiuilibrium with 
the mother-liquor and a second and lower one at which solid naph- 
thalene is in metastable equilibrium with a supercooled cresol- 
rich mother-liquor. J. F. S. 

Geometrical Isomerism of isoSafrole. ShoichikO Nagai 
(J. Coll. Eng. Tokyo, 1921, 11, 83— 100).— By gentle isomerisation 
of safrole with a small quantity of dilute alcoholic potassium 
hydroxide at 82—86°, a new unstable form of fsosafrole was obtained, 
which was easily transformed into the stable form under the 
influence of a higher temperature and more concentrated potassium 
hydroxide solution. The new substance, which is shown to be a 
geometrical isomeride of the stable e-sosafrole, boils at 242 — 243°, 
d 1'1162 — M168, and /i=)-6630, all of which figures are lower, as 
is usual with a cfs-isomeride, than the constants of the stable form, 
namelv, b. p. 247 — 248°, T1230, and p— 1-,5730, The two picrates 
also showed a difference in m. p. in the same, way, namely, 68-5° 
and 73-5° respectively. Transformation of the trau.s- into the cts- 
form and vice versa ivas effected through the conesponding dibromo- 
additive products, which, on distillation in a vacuum, were con- 
verted into monobroinoi’sosafroles with loss of a molecule of hydro- 
gen bromide. The (ra««-form gives, of course, a cis-monobromo- 
compound and vice versa, and the latter on reduction with zinc 
dust and ethyl alcohol were reconverted into isosafroles, thus 
completing the cycle, Confirmation of the provisionally assigned 
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structure of the two isosafroles was obtained in the different 
behaviour of the monobromoisosafroles towards alcoholic potassium 

hydroxide. The above designated cis-monobromo-compound 
readily lost a further mol. of hydrogen bromide with the formation 
of piperonylallylene, whereas the monobromo-compound derived 
from the unstable as-i«osafrole required a much higher temperature 
and a large excess of potassium hydroxide. Oxidation of both 
CIS- and trons-ssosafrole with potas.sium dichromate or with ozone 
gave practically identical yields of piperonal from either isomeride 
namely, about 35% with dichromate, and 67 — 69% with ozone' 
CIS- and trans-i.soSafrole dibromides were prepared by bromination 
in carbon disulphide solution. They w'ere identical in properties 
except in optical rotation, and became turbid on keeping owing 
to the liberation of hydrogen bromide. For the cis-dibromide 
[a]-n +13-35, and for the tra/M-compound [ot]-,; +4-45. trans- 
Brormhiosajrole has d 1-442, /xU 1-555, b. p. 155 — 150°/2O mm, 
and does not become turbid on keeping. v.k-Brmno\!iosajroh has 
d 1-4532, Hu 1-598, and b. p. 169 — I70°/I9 mm. Like the dibromides, 
it becomes turbid on keejung, and with alcoholic jiotassium hydroxide 
at 70°, it is converted into pi pe.ronylallykne., white crystals, m. p, 
41 — 42°, b. p. 249 — 251°, having a fragrant odour, and giving an 
intense violet coloration ivith .sulphuric acid, and red with nitric 
acid. G. F. M. 

Aromatic Nitro-derivatives. XV. Substitution in the 
Benzene Nucleus. Michele Giua and Mario Giua {Gazzetta, 
1921, 51, ii, 109 — 173; of. this vol., i, 5.56), -The authors have 
investigated tlic behaviour of 2 ; 4 : .o-trinitrntoluene towards the 
three aminophenols and the three arainobenzoic acids. In each case 
one nitro-group of the trinitrotoluene is eliminated as nitrous acid, 
a diphenylamine derivative being formed. The action of |3-(2 : 3 : 4- j 
trinitrotoluene on o-arainophenol and on p-aminoaoetophenone has 
also been studied, 

4' : 6'-I)initro-2-hydro.rypheiiyl-m-tolyhmme, 
CsH25Ic(NO.,)2-XH-C5HpOH, 

obtained from 2:4: o-trinilrotoluene and o-aminoplienol, cry.stal- 
lises in lustrous, red or yellowish-brown lamellse, m. p. 202 — 203°, 
and dissolve.s in alcohol to a deep red solution, and in sulphuric 
acid to a solution which gradually turns blue. Its acetyl derivative, 
CjjHjjOjNj, forms lustrou.=. yellow needles, m. p. 132°, and dissolves 
in sulphuric acid, giving a deep blue solution. 

4' : G'-Dinitro-Z-hydroxyphenyl-m-tohjlamine, CjjHjjOjNj, from 
2:4: o-trinitrotoluene and w-aminophenol, forms garnet-red, 
prismatic crystals, m. p. 197 — 198°, gives a violet solution in con- 
centrated sulphuric acid and an alcoholic solution turned deep red 
by addition of alkali. The occlyf derivative, yellow needles, m. p. 
122°, forms a violet coloration with concentrated sulphuric acid. 

4' : 6'-Dinitro-4-hydroxyphenyl-m-tolylammo, from 2:4: 5-tri- 
nitrotoluene and p-aminophenol, wa-s obtained by Reverdin and 
Crepieux (A., 1900, 1, 638), and its acetyl derivative by Reverdin, 
Dresel, and Deletia (A,, 1904, i, 580). 
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2' : &-Dinitro-2-hydroxyphenyl-m-U>lylamine, C 13 H 11 O 5 N 3 , ob- 
tained from 2:3: 4-trinitrotoluene and o-aminophenol, forms 
rarnet-red prisms, m. p. 144 — 145°, and dissolves in concentrated 
sulphuric acid to a violet-red solution. 

0 4' ■ & -Dinitro-m-toluidinohenzoie acid, 

CeH2MR(N0j)2-NH-C8H,,-C02H, 

from 2:4: 5-trinitroto!uene and antbranilic acid, crystallises in 
reddish-yellow needles, m. p. 244 — 245°, gives a pale yellow solution 
in sulphuric acid, and yields an alcoholic solution coloured reddish- 
brown by alkali. 

jn.4' : 6' -Dinilro-m-tolvidinobenzoic acid, from 

2 : 4 : 6 -trinitrotoluene and m-aminobenzoic acid, forms yellow 
prisms, m. p. 247 — 248°, and gives a reddish-brown coloration 
with alkalis. 

p-4' : () -Dinitro-m-toluidindbenzoic acid, Cj 4 HuO|jX 3 , crystallises 
in orange-yellow needles, in, p. 269 — 270°, and gives a pale yellow 
coloration with concentrated sulphuric acid. 
p.2' • &-Dinitro-m-iolvidiiio-acelopheiioiie, 

CsHjMelNOjVNH-CeHjAc. 

prepared from 2:3: 4-trinitrotoluene and p-aminoacetophenone, 
forms lustrous, garnet-red prisms, m. p. 178°, gives a red solution 
with concentrated sulphuric acid, and yields deep reddish-brown 
salts with alkali.s. T. H, P, 

Sulphoacetic Acid as Condensing Agent. 11. Synthesis 
of Tri-p-anisylbenzene from Anisole. lVii.Hi:i..M Sch-neidee 
and Fritz Seebach (Ber., 1921, 54, [B], 2298—2302; cf. Schneider 
and Meyer, this vol,, i, 080).— The course of the reaction between 
anisole and acetic anhydride in the presence of snlphoacotio acid 
depends greatly on the relative proportions of sulphuric add and 
acetic anhydride used in preparing the latter (cf. Schneider and 
Seebach, this vol., i, 878). With a mixture similar to that used 
in preparing diphenylmcthylpyryliura compounds from aceto- 
phenone, anisole does not give a trace of di-p-anisylmethyl- 
pyrybum derivative, but jHeld.s ,s-tri-p-anisylbenzene and a red 
salt containing sulphur which ha.s not been investigated. With 
suitable modification of the conditions, the now compound can 
also be obtained from pre-formed p-mctlioxyacetophenonc ; its 
preparation is thus analogous to that of mesitylene from acetone, 
s-Tri'-p-anisylhenzene, OjHjfCsHj'OMe),, crystallises in colour- 
less needles, m. p, 142°. It yields a vivid green, crystalline additive 
compound with bromine, which, however, is highly unstable at 
the atmospheric temperature. It is transformed by hydrochloric 
acid at 160° into s-tri-\>-hydroxyphenylhenze.ne, m. p, 229°, w'hich 
yields a triacetate, colourless, coarse needles, m. p. 154°. H. W. 

A New Phenol in the Essential Oils of the Leptospermum, 

A. R. Pejtfold (Per/, and Essent. Oil Bee., 1921, 12, 336). — 
The essential oil obtained from the leaves and terminal branches 
of Leptospermum fiavescens contains a phenobc substance varying 
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ill amount from about 1 — 8%, according to the locality from which 
the material was collected. The phenol, extracted and purified 
in the usual way, forms an almost colourless, viscous hquid, pos. 
sessing a pleasant odour, and giving with ferric chloride in alcoholic 
solution a brilliant orange-r^ coloration, and with copper salts 
an, intense blue. It has the following characters: b. p. 145^ 
146710 mm., 275—2787770 mm., d2«=l-073, /i2„=l-5000, optically 
inactive. Its composition* appears to be represented by the 
formula Ci4H2(|04, but as no solid crystalline derivatives could be 
obtained the accuracy of this formula could not be further tested 
The phenol, to which the name leptospermol is given, strongly 
resembles tasmanol, a constituent of certain eucalyptus oils in 
many of its properties. G. F. M. 

The Valency Problem of Sulphur. VI. The Sulphur 
Analogues of the Aromatic Diazonium Compounds. Hans 
Lecher and Kurt Si.mon {Ber., 1921, 54, [B], 2249— 2251).— A 
sulphur analogue, Ar-S^-X, of the aromatic diazonium compounds is 
obtained when o-nitrothiolhenzene is allowed to react in anhydrous 
ethereal solution at a low temperature with sulphur dichloride. 
After removal of a small amount of insoluble by-product, the solu- 
tion is slowly evaporafetl under diminished pressure over calcium 
chloride, and the residue is freed from traces of sulphur chlorides 
by preservation in a vacuum in the presence of antipyrine. The 
compound, 0411402X8201, forms yellow, well-defined crystals, 
m. p. 62 — 6.3° after softening at 55°. It is rapidly decomposed 
by moist air with the formation of hydrogen chloride. It has a 
normal molecular weight in freezing benzene. The question o( 
the nomenclature of this and similar compounds is left undecided 
until the actual analogy of the substances with the diazonium 
compounds has been examined experimentally. H. W. 

The Molecular Transpositions in the Series of Alkylhydro- 
benzoins and of the Analogous oc-Glycols. (Mlle) Jeanne 
Levy [Bull. Soc. chim., 1921, [iv], 29, 865 — 878; cf. this vol., i, 
233 ; Tiffeneau and Orekholf, this vol., i, 243, 565, 566).— In 
further consideration of the dehydration of aromatic trisubstitutrd 
a-glycols, it is suggested that, with dilute sulphuric acid, the reaction 
is unimolecular, there being no formation of an intermediate product. 
The dehydration of the same glycols with concentrated sulphuric 
acid, or in certain case, with phosphoric oxide, will be, at least 
for the part of the reaction which accompanies the transposition, 
a bimolecular reaction resulting in the intermediate formation of 
diethylenic oxides. These oxides, by direct rupture or rupture 
consecutive to the addition of the reagent, will be transformed 
into transposed ketones. 

These views find support in the behaviour of afi-diphenylpro- 
pan-aP-diol and of afi-diphenylbutan-afi-diol towards sulphuric acid 
of dillerent strengths, it being possible in each case to isolate the 
intermediate diethylenic oxide and subsequently to convert it into 
the ketone. ' W. G. 
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Some Retropinacolic Transpositions and the Mechanism 
of these Transpositions. (Mllk) Jeanne LivY {Bull. Soc. 
cUiU.f 1921, [iv], 29, 878 — 899). — A more detailed account of 
work already published (this voh, i, 233). W, G. 

Studies of Halogenohydrins and Related Derivatives in 
the Cinnamic Acid Series. I. John Read and Alberta 
Cathibine Pritchard Andrews (T., 4921, 119, 1771^1786). 

The Influence of Boric Acid on the Conductivity of Phenol- 
carboxylic Acids. J. Bobseken and (Mlle) P. Ol’Wehand 
(j?ec. trav. chitn., 1921, 40, 574 — .577 ; cf. this voh, i, 843). — ^The 
increase in the conductivity of o-hydroxy-aromatic acids brought 
about by adding a solution of boric acid is very great. Tt may be 
used to distinguish these acids from their isomeridea, whatever the 
number of hydroxyl groups and their positions with respect to 
each other. H. J. E. 


m-Dithiobenzoic Acid. Samuel Smiles and Jessie Stewart 
(T., 1921, 119, 1792—1798). 

o-Tetrahydro-p-naphthoylbenzoic Acid, its Reduction and 
Condensation Products. G. Schroeter {Ber., 1921, 54, [5], 
2242 — 2248). — The work was undertaken with a view to the dis- 
covery of possible substitutes for the fatty acids (cf. Willstatter 
and Waldschmidt-Leitz, this vol., i, 667). — In consideration of 
the general instabiUty of tetrahydronaphthalcne in the presence 
of aluminium chloride, it is somewhat surprising to find that it 
condenses readily with phthalic anhydride in not too dilute benzene 
solution and in the presence of the catalyst to give a 91% yield 
of o-tdrahydro-f^-naptahoylhenzok acid, colourless needles, m. p. 
153—155° (the ammonium salt is sparingly soluble in water; 
the methyl ester, m. p. 73 — 74°, and the acMyl-kcione, 

colourless needles, m. p. 135°, are described). It is reduced by 
amalgamated zinc and hydrochloric acid to o-Mrahydro-^-naphthyl- 
methylbmzoie acid, colourless crystals, m. p. 126°, the methyl ester 
of which, a colourless hquid, has b. p. 234 — 235°/15 mm. The 
latter is converted by hydrogen under pressure at 180 — 200° in the 
presence of a nickel catalyst into ( ?) methyl w-decahydro-^-mphthyl- 
o-toluate, a colourless, viscous liquid, b. p. 222°/15 mm., which is 
transformed by hydrolysis to a serai-solid acid yielding a potassium 
salt with slight lathering power. 

The constitution of o-tetrahydro-P-naphthoylbenzoic acid is 
deduced from the observation that it is converted by fuming sulphuric 
acid under certain conditions into a mixture of tetrahydronaphth- 
anthraquinones (2 : ^-compound, yellow needles, m. p. 211°, 1 ; 2-com- 
poitftd, yellow needles, ni, p. 135°) which are oxidised to anthraqui- 
uone-2 : 3* and -1 : 2-dicarboxylic acids respectively; the forma- 
tion of the two anthraquinone compounds is only possible with a 
^■naphthoyl derivative, but it is remarkable that naphthalene 
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under similar conditions gives mainly o-a-naphthoylbenzoic acid 
(cf. Willstatter and Waldschmidt-Leitz, he. cit.). 

^-Methyltetrahydronaphlhalene, a colourless liquid, b. p. 220 222° 

prepared by the catalytic hydrogenation of P-methylnaphthalciV 
is converted by phthalic anhydhide and aluminium chloride in 
the presence of benzene into o-3-methyl-li : 6 ; 7 • 8. 
letrahydro-l-naphihoylbenzoic acid, colourless 
needles, m. p. 160° (the ammonium, salt ig 
described), which is transformed by fumina 
sulphuric acid exclusively into the anthraquinone 
derivative (annexed formula), slender, yellow 
needles, m. p. 119°. Ifrom this observation 
it follows also that |3-methylnaphthalciie ig 
hydrogenated in the non-methylated nucleus. H. W. 
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Constituents of the Kawa-root. II. Kawa Resin. \\ 
Bobsche and A. Roth (Ber., 1921, 54, \B], 2229 — 2235).— Previous 
investigation of the kawa-root {Piper methysticum) has shown the 
presence of methysticin, yangonin, and a viscous, dark brown 
resin (cf. Borsche and Gerhardt, A., 1915, i, 438). The latter is 
found to consist for the most part of an ester of kaw'aio acid ; this 
acid is to be regarded either as a-cinnamylideneacetoacetic acid 
CHPhiCH-CHiCAc-COjH, or y-cinnamylidcneaoctoacetic acid' 
CHPhiCH-CHiCH-CO-CHj’COjH, and, in all probability, as the 
latter. The nature of the alcoholic component has not been estab- 
hshed. Methyl or ethyl alcohol is not, however, present. 

Kawa resin is decomposed under all conditions when distilled 
under diminished pressure, giving a yellow oil, b. p. 150— 155°/la 
mm., which is catalytically hydrogenated to S-phenylbutyl methyl 
ketone. The resin is readily dissolved by hot, aqueous sodium 
hydroxide .solution (10%), and the solution, when cooled, deposits 
sodium kawa-ate in the form of yellow leaflets. The corresponding 
acid, CijHjjOj, crystallises in yellow needles, m. p. 164 — 165°, 
and is readily decomposed into carbon dioxide and a dark yellow 
resin which yields considerable amounts of ciniiamylideneacetone 
when distilled. Catalytic hydrogenation of sodium kawa-ate in 
aqueous solution according to Paal’s method leads to the formation 
of an acid, colourless leaflets, in. pi. (indefinite) above 90° (decomp.), 
which, however, must be almost pure tetrahydrokawaic acid, since 
it passes smoothly when distilled into S-phenylbutyl methyl ketone 
{semicarbazone, colourless leaflets, m. p. 140 — 142° when rapidly 
heated). 

Ethyl a-ciniiamylideneacetoacetate differs completely from 
purified kawa-resin in its behaviour under the influence of warm 
sodium hydroxide (10%). Further, when catalytically hydro- 
genated and subsequently hydrolysed, it yields immediately carbon 
dioxide and S-phenylbutyl methyl ketone instead of tetrahydro- 
kawaic acid. H, W. 


Replaceability of the Halogen in Halogen-substituted 
Phthalic Acids. A. Eckert and F. Seidel (J. pr. Chem., 1921, 
[ii], 102, 338 — 360). — In conjunction with many collaborators, 
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Ullmann (of., for instance, A., 1907, i, 846) has shown that, in 
presence of copper, a halogen atom in an organic compound may 
{,e readily replaced by various radicles. Thus, condensation of 
e-chlorobenzoic acid with aniline or phenol leads to diphenylamine-o- 
carboxylic acid or o-phenoxybenzoic acid, ring closure in these 
compounds then yielding acridonc and xanthone. The authors 
now find that similar replaceability is exhibited by the halogen 
atoms in 4 : 6-dibromoisophthalic and 2 : 5-dibromoterephthalio 
acids, but not by those in 3 : C-dichloro-o-phthalic acid. The 
chlorine atoms in the last cannot be replaced in this manner by 
either phenoxyl- or anilino-groups, and if they are forcibly removed 
by fusion of the compound with potassium hydroxide, a little water 
and a trace of copper, rearrangement occurs simultaneously, 

a. resorcylic acid and possibly protocatechuic acid being formed. 

4 : (i-Dibromo-va-toluic acid, CjHjOjBrj, obtained by oxidation of 
4 ; G-dibromo-m-xylono by means of nitric acid, forms white 
crystals, m. p. 174“; its potassium salt, meikyl aster, m. p. 43°, 

b. p. 203 — 206°/758 mm., and amide, CjHjOXBrj, white needles, 
m. p. 188°, were prepared. 

4 : ^-Dibromoisophihalic aeid, prepared by the action of alkaline 
permanganate on the preceding compound, separates in needles, 
m. p. 250 — 254°, and its methyl ester in white cry.stals, m. p. 134°. 

f}.Bromo-i-phenoxy-m-toluic acid, prepared by heating 4 : 6- 
dibromo-m-toluio acid with a fused mixture of alkali hydroxide and 
phenol containing a little copper, forms white crystals, m. p. 137°. 

H-BromoA-phenoxijisophthalic acid, obtained when the preceding 
compound is oxidised by means of alkaline permanganate, cry.stal- 
lises in white needles, m. p. 248—249°. 


Z-Bromo-2-melhylxanlhone., 


/\ CO /\^( 

( I i 5 


, prepared by heat- 


ing the preceding acid with concentrated sulphuric acid, crystallises 
in white needles, m. p. 146°, and dissolve.s in sulphuric acid to a 
yellow solution showing a faint green fluorescence. 

3-Bromoxantlwne-2-carboxylic acid, Cj 4 H- 04 Br, obtained by oxida- 
tion of the bromomethyixanthone or, in better yield, from 6-bromo- 
4-phenoxyisophthalic acid, cither by treatment with concentrated 
sulphuric acid or by way of the acid chloride, forms indistinct, 
white crystals, m. p. 338 — 344°, and dissolves in concentrated 
sulphuric acid, giving a yellow solution with faint ycUoivish-green 
fluorescence. Its inethyl ester forms almost white needles, m. p. 
154—155°. 

4 : 6-Diphenoxyisopkilialic acid, prepared by heating 4 : 6-dibromo- 
wophthalic acid with a fused mixture of phenol and potassium 
hydroxide containing powdererl copper, forms crystals, m. p. 
256—258°. When heated with concentrated sulphuric acid, the 

/\/®\/\/°\/\ 

acid is converted into : (I) the rf«an(ionc, I | | | II, 

\/ CO \/'^CO \/ 
which crystallises in long, pale yellow needles, m. p. 353°, and 
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dissolves in concentrated sulphuric acid, giving a yellow solution 
showing marked yellowish-green fluorescence, but principally (2) 
a sulphonio acid of the dixanthone, this retaining its sulphonio 
group with great tenacity. The dixanthone may be ■ more con- 
veniently obtained by heating 4 : 6-diphenoxyisophthalic acid with 
thionyl chloride ; the latter usually yields only acid chlorides and 
rarely causes such ring-closure. When the diphenoxyphthalio 
acid is heated slightly above its melting point, it gives the dixan- 
thone and a crystalline compound, m. p. 88 — 96°, which was not 
identified. Attempts to reduce the dixanthone resulted in no 
definite products. 

4 : S-Dianilinoiaophlhalic acid, C 2 (Hj, 04 N 2 > prepared by heating 
4 : 6-dibromoiaophthalic acid with aniline, potassium hydroxide 
and copper oxide, crystallises in long, pale red needles, darkening 
at 265°, m. p. 270 — 273° (frothing), and dissolves in concentrated 
sulphuric acid to a colourless solution, which is coloured yellow 
or yeUowish-brown by nitric acid and violet-red by aqueous ferric 
chloride; it is accompanied by another acid, possibly 6-bromo-4- 
anilinoisophthalio acid, but this was not investigated owing to the 
difficulty in purifying it. When the dianilino-acid is treated with 
either thionyl chloride or phosphorus pentaehloride, it is converted 

/\ NH-/\ NHV\ 

into the quinaoridone, I | I ) I |> which crystal- 

\/\co/\/^co/\/ 

Uses in yellow needles and dissolves in concentrated sulphuric 
acid to a violet-red solution showing red fluorescence, the colour 
of this Uquid being discharged temporarily by aqueous ferric chloride, 
When kept fused for some time, the dianiUno-acid loses carbon 
dioxide, yielding m-dianilinobenzene. 

3-Anilinomnlk>m-2-carboxylic acid, C 2 „H, 304 N, prepared by 
heating 3-bromoxanthone-2-carboxylic acid with aniline, forms 
crystals, m. p. 310 — 313°. When Heated above its melting point, 
this acid loses carbon dioxide and yields S-anilimxanthme, 
CjjHioOjN, greenish -yellow needles, whilst when it is converted 
into the acid chloride and this is treated with aluminium chloride, 


the compound, 


/\/\/\ NH / 


/ CO \/'''CO/\/ 


which forms yellow 


crystals, is obtained. 

2 : 5-DiphenoxyterepMlmlic acid, CjqHjjO^, prepared from 2 ; 5- 
dibromoterephthalic acid (cf. Claus and Wimmel, A., 1880, 
632), separates in white crystals, m. p. 314°. Its chloride, 
when heated with aluminium chloride, yields the dixardhm, 

^°\/\CO-/\ 

! ], which forms yellow crystals, and 

xq/X/ 

dissolves in concentrated sulphuric acid to a red solution showing 
a slight blue tinge; this solution exhibits far weaker fluorescence 
than that of the isomeric dixanthone. T- H. P. 


/\/ 

I 1 , 

\/'co°'\/ 
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The Application of Hofmann’s Reaction to Substituted 
Phthalimides. Tom Sidney Moore, Muriel Treo.irtuen ^Iae- 
back, and Annie Kathleen Proud (T., 1921, 119, 1786 — 1791). 

■ Unsaturated Bile Acids. II. An Isomeride of apoCholic 
Acid. Fn. Bodeoker and H. Volk {Her., 1921, 54, [B], 2489 — 
2492 ; c£. A., 1920, i, 848). — apoCholic acid, obtained by the action 
of dehydrating agents on cholic acid, is found to be accompanied 
bv an isomeric acid, CyH3804, which crystallises in tasteless, slender, 
woolly needles, m. p. 259—260° (corr.), [ajj; -|-57-3°, decolorises 
bromine and permanganate, and does not appear to be a secondary 
product derived from apocholic acid. The barium salt (d-GHjO) 
was analysed, and the methyl ester, C2,H3,04Me,Me0H, forms stout 
nrisms, m. p. 85 — 90° (frothing), [ct])') +60-27°, and has the normal 
molecular weight in boiling methyl alcohol. T. H. P. 

m-Opiaiiic Acid (4 : S-Dimethoxy-o-aldehydobenzoic Acid). 
Robert Georoe Fargher and William Henry Perkin, jun. 
(T., 1921, 119, 1724—1744). 

Certain Substances contained in Lichens. G. Baegbllini 
and C. Moncada {Gazzeita, 1921, 51, ii, n.l— 180).— The following 
preliminary results have been obtained. 

Stictaio acid, extracted from Italian Sticta pulmonaria by means 
of acetone, agrees in properties ivith the acid obtained by Hesse, 
from the same lichen grown in Germany (A., 1898, i, 681 ; 1905, i, 
140; 1911, i, 208), its composition being in agreement with the 
formula C19H14O.. It crystallises in white needles, becomes brown 
at about 240°, and melts and decomposes at about 260°. In alcoholic 
solution, it gives a deep violet-red coloration with ferric chloride, 
but, unlike some other compounds occurring in lichens, it is not 
decomposed when heated with alcohol in a sealed tube at 150° 
and its alcoholic solution gives no coloration with calcium bypo- 
chlorite. Pyridine dissolves and decomposes the acid, a yellowish- 
red substance being formed ; the action of sulphuric acid yields a 
red compound, that of nitric acid a yellow compound, and that 
of alkali carbonates a yellow, crystalline compound, m. p. 215— 
225° (decomp,). These various compounds arc to he investigated. 
The acetyl derivative of stictaic acid crystallises in white needles, 
m. p. about 230° (decomp.), but the number of acetyl groups in 
the molecule has not been ascertained. 

Stereocaulio acid, obtained from various species of Stereocanlon, 
appears to be identical with stictaic acid. T. H. P. 

Citral Series. Optical Determination of the Constitution 
of Compounds of the Citral Series. H. Knoevenagel and 
G. Oelbermann {J. pr. Chan., 1921, [ii], 102, 305 — 331 ; cf. A., 
1919, i, 15).— The authors have measured, for a number of citral 
derivatives, the refractive indices at 20° for the 01 -, ,9-, and -^--hydrogen 
lines and for the yellow Dj-helium line; in consequence of the 
tendency to undergo polymerisation and oxidation exhibited by 
compounds of this series, the measurements were made on liquids 
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fre.shly distilled in a vacuum. From the values obtained for tl^ 
molecular refractions conclusions are drawn as to the constitutions 
of certain of the compomids. The effects produced on the refractive 
indices by storage of the compounds at — 190°, —80°, or the ordinaiv 
temperature were examined. 

Citral, consisting of two isomerides, which are probably stereo 
isomerides, contains the conjugated system -CRICH-CHIO; accord 
ing to Eisenlohr {jSpeklrochemie organischer Verbindungm, igjo 
126), the latter gives the specific normal exaltation EStjfr. k 1.')5 
and ESdisp. -=45%, which are in good agreement with the authors' 
results. 

ij(-Ionone, according to Tiemann’s formula for citral, contains 
the grouping •CRICH-CHICH-CRIO, for which Eisenlohr (op, di 
1,84) gives ESrotr. somcwhat above 2-7 and ESdisp. above 100“ ' 
these values agree well with those now obtained. The refraction 
of a- and p-ionones has been inve.stigated by Auwers and Eisenlohr 
(A,, 1911, ii, 781, 782; cf. Eisenlohr, op. cif., 127, 134). 

For ^i<-ionone acetate only a cyclic constitution appears possible 
Taking the formula CMejXH-CHj-CHj-CMe.'CH'CHlCH-CO-CHs W 
i/r-ionone, it may be assumed that the acetyl group of the acetic 
anhydride becomes attached to the carbonylio oxygen and the 
aoetoxy-group to the carbon atom in the ^-position, simultaneous 
displacement of one double linking occurring with formation of an 
intermediate compound of the formula 

C’Me 2 :CH-CH.pCH.pCAfc:CH-CH(OAc)'CH:CMe-OAo. 

In this, tJie catalytic action of the ferric chloride nsed in preparing 
the compound might result in ring closure between either the y. 
and 0- or the «■ and s-carbon atoms. In the former case, the com- 
pound having the structure — p|j^CH-CH:C.Me'OAo, 

would arise, and the theoretical exaltation for such a compound 
agrees best with the actual value. It is possible that isomeric 
i)/-ionoue acetates exist, as the freshly-prepared compound hoik 
within wide limits. 

The values found for the molecular refraction of iso-ijt-ianm 
indicate the formula to be probably 

but possibly The former of these 

two structures was a*tributcd by Knoevenagel to o;-woionoiip, 
which, however, exhibits normal optical values. 

wo-i/<-Iouone yields the same semicarhazone, CjjHgjONj, m. p. 
169°, as i/<-ionone acetate. 

When heated with zinc chloride at 200°, t-so-i/'-ionone yields a 
hydrocarbon, CjjHjg, h. p. 13 .t — 145°/21 mm., df 0-9373, which 
may have one of various structures, between which the available 
optical and chemical data arc insufficient to decide. 

Ethyl citrylideneacctoacctate (o:-cster) is difficult to obtain pure, 
as it readily undergoes transformation into the p-estcr, but the 
optica! eoinstants oWained indicate the probable accuracy of the 
structural formula already given (A., 1919, i, 15). 
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Tn the case of a-iaoionone, the' method of preparation and the 

1 optical data are in agreement with the view that the semi- 

riniihle linking has somehow wandered into the nucleus, giving 
cyclic uuu r o /CH!CPr^\ , 

a compound of the constitution C'H2\0Me;(;;{j^CH'CH2Ac. 

Vor ethyl ^-citrylideneacetoacetatc the normal optical data and 
Transformations into the p-tso- and the |3-ps6«do-esters agree 
,Tt S the structure CMe 2 :CH-CH 2 -CH 2 -CMe:G:(;H-CHAc-C 02 Et, 
For the hydrocarbon, CuH,,, obtained by the action of zme 

11 the constitution CH.C.Me proposed 

chloride, the consmuiioa ^ ^ 

,, .j-( \ hut this is not in accord with the refractive data and 

the boiling point. Better agreement is shown by the structure 

The formula previously given (loc. cit.) for (5-i|/-ionone, which 
exhibits normal refractive eon-stants, is probably acviuratc, The 
same is the case with ethyl B-t-socitrylidcneacctoacetate, tlie expected 
absence of exaltation being virtually confirmed experimentally. 
Moreover for (5-iSoionone, normal optical data are obtained, these 
being in ’agreement with the stnicliire previously suggested (loc. 

The Crystallme-liguid Properties o! n-Unsaturated 
Ketones. D. Vorlandeb (Ber., 1921, 54, [^], 2261—2264).— 
The orystalline-liquid properties of dianisylidencci/c/ohexanono 
recorded by Muller (this vol., i, 074) have been described previously 
by the author (A., 1907, ii 337; 1908 -b 22) In the case of 
oy'-dicthoxybenzylMenecyc^ohexanone (Huth, /Jiss., Halle, 1909), 
the region of existence of the crystalline-liii uid is somewhat greater, 
the transition points lying at 145° and 176°. In the case of 
derivatives of cyclohexanone, the side chain is of considerable 
influence, the presence of the methyl radicle having a decided 
hindering effect. From a considerable number of examples it 
is shown that the presence of the group in the para- or meta- 
position renders the. corresponding eiiantiotropic form.s monotropic 
crystalline-liquid whilst 2-methylci/c/ohcxauoue does not yield 
crystalline-liquid arylidene compounds. Contrary to Muller s state- 
ment (he. cit.}, dianisylidcnecyclopentanone gives an anisotropic melt. 

In general, the crystalline-liquid properties of a-unsaturated 
ketones are not very marked, as is shown by tlic restively small 
regions of existence ”oi the cnantiotropic fcrms and the absence ol 
the phenomenon in the beiizylidcne and cinnamylideno dcrivatiies. 
Comparison of arylidene cyclic ketones with non-cyclic a-unsatu- 
rated ketones (which are never or but very seldom crystalline- 
liquid) shows that the presence of the ring enhances the crystalline- 
liquid properties and that the six-membered ring lias a greater 
influence than that composed of live atoms. It is remarkable that 
meta-compounds are found among the cyclic derivatives, wheieas 
crystalline-liquid derivatives of aromatic ineta-substitiition products 
in the middle of an extended molecule have not yet been observed. 
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Oaly when the central portion of the molecule is very strongly 
developed linearly, for example, in pp'-derivatives of diphenyl and 
in pp'-diaminoazo-eompounds, can almost any meta- or ortho- 
substituent be introduced into the molecule without completely 
destroying the crystalline-hquid condition. H. W. 

Studies in the n-Butyl Series. I. Aryl n-Propyl Ketones. 
Gilbert T. Morgan and Wilfred John Hickinbottom (T., 1921 
119 , 1879—1893). 


Action of Alkaline Hydrogen Peroxide on Unsaturated 
Compounds. Ernst Weitz and Alfred Scheffer {Ber., 1921, 
54 , [fi], 2327— 2344).— It has been shown previously (Weitz, A.. 
1919, i, 290 — 291) that 9-benzylideneanthrone and 1 : 2-diphenyl. 
indene-3-one are converted by hydrogen peroxide in the presence 
of sodium hydroxide solution into oolouriess oxides. A similar, 
extremely ready reaction occurs with a^-unsaturated ketones; 
the initial product, if isolable, ha.s the composition ketone + 

1 atom of oxygen, and the identity of the substances obtained 
from benzylidencacetophenone, p-chlorobenzylideneacetophenoue, 
and p-nitrobenzylideneacetophenone with the products obtained 
by Widman (A., 1913, i, 1220; 1916, i, 406), Bodforss (A., 1917, 
i, 223), and Jorlandcr (A., 1917, i, 222) by the action of the sub- 
stituted benzaldchydes on u-bromoacetophenone leaves no doubt 
that they are substituted ethylene oxides. Alkaline liydrogeii 
peroxide solution does not appear to react with the carbonyl or 
ethylene group alone, but with the combination of tho two in the 

conjugated system, iCiC'CiO, as it occurs in unsaturated ketones 
or aldehydes. «,0-Un.saturated acids are relatively stable towards 
the reagent. 

The observations have been extended to other substances con- 
taining conjugated bonds. Diolefines and substances such as 
sorbic acid do not exhibit any stTiking reactivity. 1 ; 2-Diketonej, 
on the other hand, react very readily, passing directly into ik 
corresponding acids without permitting isolation of the oswe 
formed intermediately. ot-Keto-carboxylic acids, ^ on the other 
hand, are relatively stable. The course of the reactions is probably 

— Q Q— 

represented by seheme-s such as the following ; jj 


-fHO-OH- 


.>C-C=r:C- 
OH HO-0 


>? 

0- 


-C-C- -1-HO-OH - 

II II ' 

0 0 


:==;=C- 


0-OH HO-0 


-c:c- -> 

— 0 

0 0 


>C — 0—0' and 
0 

--H-o-ji: 

O 0 


All the ketoxido-compound.s have the property of liberating iodme 
from potassium iodide and acetic acid with re-formation of the 
unsaturated ketone. In general, also, they give intensely 
ish-yellow solutions when heated to boiling with 
which yield almost colourless precipitates when acidified; me 
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latter re-dissolve in alkali hydroxide solutions, yielding the original 

colorations. 

The following individual substances are described : S-acetyl- 
, , , . . PhCH-CHAc, , , , „ , 

^.vUnylethyhne oxide., colourless leaflets, m. p, 

52—53°. obtained together with a liquid isomeride from benzyl- 
ideneacetone in aqueous methyl-alcohoUc solution; (J-bcnzoyl- 
i-phenylethylene oxide (cf. Widman, loc.cil.), colourles.s leaflets, 
m. p- 50°; p-benzoyl-a-j)-nitrophenylethylcne oxide, colourless 
leaflets, m. p. 130° (Bodforss, loe. dl., gives 148°) ; P-benzoyl- 
a.jj-chlorophenylethylene oxide, colourless needles, m. p. 80 — 81° 
(Boioisa, m, p. 79—80°); ^-benzoyl-TL-o-cUorophetiykthykne oxide, 
crystalline aggregates, m. p. 77° (from o-cUorostyryl methyl 
feone, pale yellow crystals, m. p. 53—53°); p-ftenroyl-a-p- 
methoxyphenyleihyhne oxide, colourless leaflets, m. p. 87°; a-aeetyl- 
e,.methvlwO'aylene oxide, b. p. 44 — 48°/15 mm.; ^-benzoiil-x-styryl- 

, , ., CHPh:CH-CH-CH-Bz, , , „ 

ethylene oxide, colourless needles, m. p. 89 ; 

CPh' °' 

l-.%diphenyUnde)te-.i-one. oxide, C 0 H 4 <QQ_>CPh, .short needles. 


m. p, 141° after becoming red at 130°; terephthalylideneaceto- 

zOx phenone dioxide,*°®^*^*^^z^®'^^ 2 ' leaflets, m.p. 

/\/CH 19 , 5 ° after softening at 175° [Bodforss (A., 1918, 

1 Lpti rmu i. 229) gives m. p. 220 — 222 °, the difference being 
n/ X z' probably due to the existence of cis-lrans- 
0 isomerism]; dipkenylbenzocyoXoheptadimone di- 
oxide (annexed formula), pri. 5 ms, m. p. 167—168°. H, W. 


Transformations of Ketoxido-compounds. Formation of 
[i-Ketonic Aldehydes from afl-Unsaturated Ketones. Ernst 
VVkitz and Alfred Scheffer (Per., 1921, 54, [B], 2344—2353; 
et. preceding abstract). — The action of acetic acid and mineral 
acid on ketoxide compounds leads in certain cases to the production 
of p-kctoaldehydes, but in more complex instances its exact course 
has not been fully elucidated. It is shown, however, to depend 
to some extent on the nature of the mineral acid used. 


P-Acetyl-oc-phenylethylene oxide, 0< 


, is converted by 


a solution of hydrogen chloride iii glacial acetic acid into an oily 
ddorohydrin which slowly evolves hydrogen chloride spontaneously 
at the atmospheric temperature and passes into x-phenylaceto- 
aaUddehyde, CHPhAc-CUO, or, more probably, hydro.eymelhyl- 
enehenzyl methyl ketone, 01I*CH!CPh'COiIe, m. p. 67 — 68°. The 
sobstance is somewhat unstable at the atmospheric temperature, 
gives an intense, reddish-violet coloration with ferric chloride, a 
greenish-yellow, crystalline copper salt, and a ( ?) phe.nylhydrazone, 
almost colourless, Ul-deliued leaflets, m. p, 171°. 
|i-Benzoyl-K-phenylethylene oxide gives only ill-defined products 
with acetic acid and hydrogen chloride, but is transformed by 
acetic and concentrated sulphuric acids into formyldeoxybenzoin 
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(Wislicenus and Ruthing, A., 1911, i, 303). The transformation 


0 < 


CHPh 

CHBz 


CHPh-Bz-CHO, is thus analogous to the pinacolin 


transformation or, more precisely, to the conversion of hydro 
benzoin into diphenylacetaldehyde. If the terminal carbon atom 
of the oxide group is not attached to a hydrogen atom, as in 
methyl- p-acetylethylene oxide, a 1 : 2-diketone appears to be 
formed. 


1 : 2-Diplienylindene-3-one 


oxide, 


C,H,-CPh>o 
CO— CPh 


converted 


by hydrogen chloride or hydrogen bromide and glacial acetic acid 
into a “hydrate,” CoiHj^Oj, m. p. 160 — 168° after darkening at 
about 153°, or a mixture of this substance and the corresponding 
lactone, straw-yellow prisms, m. p. 168 — 169°; the latter sub- 
stance, C 2 lH^ 402 , is also prepared from the oxide and sulphuric 
and acetic acids. It is converted by aqueous alcoholic alliali 
hydroxide solution into the acid, CjjHjjOj, leaflets, m. p. 142- 
(decorap.) after softening at 139°. The constitution of the 
hydrate (i), lactone (ii), and acid (hi) have not been placed beyond 
doubt, but the following formulae are liighly probable. The 


C H <;CHPh-^'Ph-OH 


(I.) 


(II.) 


(III.) 


“ hydrate ” i.s transformed by sodium hydroxide into a neutral 
yeUow product, C,2ill240,2 or (CjjHjjOjjj, m, p. 129°, which is 
possibly 3 : 3-diphenyhndan-l : 2-dione. H. W, 

Dinaphtha-1 : 7 : 1' : 7'-diquinone. Git,BERT T. Moroax and 
Dudley Cloete Vixisa (T., 1921, 119, 1707 — 1714). 


Preparation of Compounds of the Anthraquinone Series, 
Frederick William Atack and George Wii.liam Clough (Bril, 
Pat. 169732), — x-Chloro- or x-bromo-anthraquinones are converted 
into P-halogen derivatives by heating with concentrated sulphuric 
acid for some hours at about 200°. As the halogen atom always 
takes up the meta-position with respect to its original position, 
the reaction is, of course, limited to those anthraquinone deriv- 
atives in uliich (his particular p-]x)sition is unoccupied. Further, 
those derivative.s are excluded which are decompo.scd by hot 
sulphuric acid such a.s t-ehloro-l-hydro.xyauthraquinonc, in which 
ease the dihydroxy-compound is produced, or I-chloro-l-amino- 
anthraquinonesulphonatcs, in which the chlorine atom is expelled. 
With these exceptions, the orientating action of sulphuric acid 
appears to be specific and the reaction with x-halogen-anthraquin- 
ones a general one. For examirle : 50 parts of l-chloroaiitbra- 
quinonc are heated with 920 parts of .sulphuric acid {d 1-84) at 
200 — 20.5° for nine hours. The reaction mixture is poured into 
water and the precipitated 2-chloroanthraquinone recrystallised 
from acetic acid. G- I’- 

Octachloroanthraquinone. Alfred Eckert (J. pr. Chem,, 
1921, [ii], 102 , 361),— The action of antimony pentachloride on 
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atithraquinone in presence of iodine jriclds, in addition to the 
compounds already described (A., 1915, i, 565), also oclacUmo- 
ivxthraquinone, C^OoClg, which ciystallises in yellow needles, 

p. above 360°. T. H. P, 

The Dibromoanthraquinone Used in the Synthesis of 
Alizarin. Grandmouois {Compt. rend., 1921, 173, 717 — 718). — 
It is shown that the dibromoanthraquinone used by Graebe and 
Liebermann in their synthesis of alizarin was 2 : 3-dibromoanthra- 
quinoiie. W, G. 

Preparation of a-Aminoanthraquinone. Society of 
Chb.mic.1L Industky in Basle (Brit. Pat. 169667).— a-Amino- 
aiithraquihone may be obtained by healing a-anthraquinone- 
sulphonic acid with ammonia under pressure in presence of the 
sulphonio acid of an aromatic nitro-coinpound. For example, if 
16') parts of potassium s-anthraquinonesulphonate, 500 parts of 
it”/, aqueous ammonia, and 60 parts of sodium nitrobenzene- 
sulphonate are heated for twelve hours at 160—16.5°, and the 
contents of the autoclave are then allowed to cool, a yield of 80% 
of the theoretical of pure crystalline »-aininoanthraquinonc is 
directly obtained, and a quantity of anilincsulphonic acid may be 
recovered from the filtrate. G. F. M. 

Derivatives of 2-Methylanthraquinone. Alfred Eckekt 
and Gertrud Endler (J. pr. CImn., 1921, [ii], 102, 332—337). — 
The preparation of l-methoxy-2-melhylanthraquinoiie from 1-nitro- 
2 -methylanthraquinone according to U.R.-P. 75054 is difficult, and 
this compound is obtainable more readily by heating 1 -chloro- 
2 .methyla.ithraquinone with methyl alcoholic potassium hydroxide 
ill a sealed tube at 80°. It crystallises in pale yellow needles, 
m. p. 152 — 153°. 

l-Metkixijanthraquiiume-'l-carboxi/lic acid, CijHjdOj, prepared 
either by oxidising the preceding compound in acetone solution 
by means of permanganate or, better, by boiling l-nitroaiithra- 
quinone- 2 -carboxylio acid with methyl alooholio potassium 
hydroxide, forms yellow needles, m. p. 2.50 — 253°. 

a : i-Dichhro-'l-melhyhnlhraquinone, GuIIsOjClj, prepared by 
treating 3 : 6 -dichlorophtha!ic anhydride in toluene, with aluminium 
chloride and heating the resulting diclilorololuoylbcnzoic acid, 
in. p. 160 — 161°, with sulphuric acid, crystallises in yellow needles, 
III. p. 242—244°. When oxidised with chromium trioxide and 
sulphuric acid, it yields 

■5 : %-T)ichhroanlhraqmnone-i-carl)Ox.ylic acid, CJ 5 H 5 O 4 CI 2 , which 
torms yellow needles, m. p. above 390°. 

Tetrachlorotoluoylbenzoic acid, CjjHjOjCl,, prepared from tetra- 
chlorophthaUc anhydride, forms crystals, m. p. 142°, and when heated 
'vith fuming sulphuric acid yields an acid compound which crystal- 
lises in almost colourless needles, m. p. 281° (slight browning), has 
the molecular weight 403, and contains 7-6% of sulphur and 33-5% 
of chlorine. 

5:6:7 :S-TclracMoro-2-methyIanthraquiiwnt, Cj^HgOjClj, ob- 
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tained like the diohloro-componnd, crystallises in yellow needle 
m. p. 195 — 196°. 

TetrMhlorobenzophenonedicarboxylic acid, CijHjOjCl^, prepar H 
by the action of permanganate on tetrachlorotoluoylbenzoio^acid 

in presence of sodium carbonate, forms white crystals, m. p. 280° 
and when treated with sulphuric acid undergoes condensation to ’ 

5:6:7: 8-Tetracldoroanthraquin(me-2-carboxylic acid, CjjH 0 Cl 
which cry.stallises in pale yellow needles, m. p. 295 — 296°. * * *’ 

t! H. P. 

New Class of Compounds with Tervalent Carbon, i 
Eoland Scholl {Ber., 1921, 54, [B], 2376— 2388).— By the action 
of aluminium or copper on concentrated sulphuric acid, or of zinc 
dust and ammonia on 1-benzoylated anthraquinones, Schaar- 
Schmidt (A., 1915, i, 566, 696 ; 1916, i, 408) obtained deep violet-blue 
compounds exhibiting pronounced fluorescence in various solvents 
The author has now investigated these compounds and finds that 
they are not pinacones, as Schaarschmidt supposed, but repre- 
sentatives of a new class of compounds containing tervalent carbon, 

[With Herbert Hahle.]— The reduction product of l-p-chlorc- 
benzoylanthraquinone, for which Schaarschmidt gave m. p, 220— 
222°, may bo obtained crystalline in stable, curved, violet-blue 
needles, m. p. 253°. In solution in organic solvents it undergoes 
oxidation in the air and free chromic acid converts it into l-p-chloro- 
benzoylanthraquinone. Measurements of the molecular weight 
in boiling nitrobenzene solution demonstrate the inaccuracy of 
Schaarschmidt’s doubled formula. In nitrobenzene, the com- 
pound unites with bromine, the proportion of the latter combined 
indicating for the compound the formula CjjHjjOjCl, which is 
that of a compound containing tervalent carbon. 

As regards the position assumed by the atom of reducing hydro- 
gen, Schaarschmidt assumed that the addition occurred at the 
carbonyl of the chlorobenzoyl residue. That this is not the case 
and that the double kctonic group of the anthraquinone is more 
readily attacked by the reducing agents employed than is the 
carbonyl group of simple aromatic ketones is shown by the following 
observations. (1) Anthraquinone and many of its derivatives are 
easily reduced by concentrated sulphuric acid and powdered metal 
in the cold or at a gentle heat; thus. 1 : I'-dianthraquinonyl yields 
?u6sobenzdianthrone (PchoU, Manafeld, and Potschiwauscheg, A., 
1910, i, 494). (2) When reduced by means of aluminium bronze 
and concentrated sulphuric acid, 2-p-toluoylanthraquinone yields 
2-p-toluoyl-9-oxanthrone and 2-p-toluoylanthranol {Schaarschmidt 
and Irineu, A., 1916, i, 408). {3) l-Benzoylallochrysoketone, 
which is free from the reactive quinone carbonyls, appears to yield 
no reduction product with concentrated sulphuric acid and pow- 
dered aluminium or copper (Schaarschmidt, A., 1916, i, 47). It 
is hence considered justifiable to conclude that, in the formation 
of the violet reduction product, CjiHi^OjCl, from 1-p-chloro- 
benzoylanthraquinone, the hydrogen atom passes to one of the 
quinone carbonyl groups. 
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In anthraquinone derivatives with negative substituents in 
position 1, the carbonyl in the 9-position adjacent to the sub- 
stituents appears to he more highly reactive than that in the 
lO-position. Thus, in the reduction of 1 ; I'-dianthraquinonyl to 
wiesobenzdianthrone, the latter is obtained in almost quantitative 
yield. From these considerations the violet reduction product 
is regarded as a l-p-chlorobenzoyl-9-oxan- 
thronyl with a tervalent carbon atom, as 
shown in the annexed formula. That the 
reduction comes to a halt at this stage instead 
of proceeding to the formation of oxanthrone 
j probably Hnds its cause in the relationship 

CO-C 8 H 4 C 1 existing between the carbon atom in the 
9-position and the i- benzoyl group. The 
remaining affinity of the 9-carbon atom may be largely satisfied 
hy the residual affinity of the oxygen of the benzoyl group, with 
fornaation of the iatramolecular ketone 
additive prod>ict shown annexed (I). 

Characteristic of compounds of this class is 
the possession of a conjugated, tervalent 
carbon atom co-ordinatively united in an 
inner complex ring. Such compounds are 


\/)/\/ 

OH 


0 


/ I ruig. own compounas are 

OH 0=C'C8H4C1 comparable with the additive products formed 
(I.) by hydrocarbons, and especially by hydroxyl- 

ated aromatic hydrocarbons with ketones 
according to the structure given by Pfeiffer, or with the quin- 
hydrones. As regards the behaviour of the chlorobenzoyloxan- 
thronyl towards alkaline hyposulphite (Schaarsehmidt, loc. cit.), it 
may be assumed that one hydrogen atom is taken up without 
rupture of the co-ordinative linking or opening of the complex ring. 
The resulting inner-complex chlorobcnzoylanthraquinol (II) reverts 

to the blue compound 
QH Oh (1) in the air but in the 

/\/\/\ /\/\/\ alkaline solution under- 


OH O^C-CjHjCl 

(II.) 


,111 
\/\/\/ 
OH 


III 1 I I I S®®* dissociation, com- 

pletely but less slowly 
^ than it is formed, into 

CO-CgHjCl tbe stable “ open ” 
( 111 .) chlorobenzoylanthra- 

qiiinol (III), which is 
oxidised in the air to 1-p-chlorobenzoylanthraquinone. 

The reaction of the compound with three atoms of bromine is 
reaffly explained by the co-ordination formula. The co-ordinative 
linking is broken down by addition of 2 bromine atoms, the liberated 
principal valency of the carbon of the original chlorobenzoyl 
carbonyl being then saturated by the third bromine atom, with 
fonuation of a bromocarbinol hypobromitc, 

-CO- 
"CO'- 


C«H4<m>C6H,-CBr(OBr)-CeH4Cl, 


comparable with the alkyl hypochlorites. 

The benzoyloxanthronyls are oxymethyla and, as tliey correspond 
VOL, exx, i. /. ^ 
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with Sohlenk’s metal ketyls (A., 1913, i, 1205), may be desisnat H 
hydroketyls. Their discovery and stability dispose finally If 
Sohmidlin’s conception of the metal ketyls as loose additive com 
pounds of the metals with ketones analogous to the coloured 
molecular compounds of ketones with metallic chlorides (“Da, 
Triphenylmethyl,” 1914, 186). 

With p-benzoquinone the bluish-violet chlorobenzoyloxan. 
thronyl forms an additive compound which crystaUises in faintly 
yellow, rhombohedral plates, is comparable with the quinol 6 m, 
triphenylmethyl ether obtained by Schmidlin, Wohl, and Thommen 
(A., 19i0, i, 377) from triphenylmethyl and p-benzoquinone, and 
in solution dissociates into its constituents below 100°, giving the 
characteristic colour of the chlorobenzoyloxanthronyl. 

\-p-Chhroben 2 oyl-Q : lO-di-p-bromobenzoylanthraquinol, 



prepared by treating either l-p-chlorobenzoyl-9-oxanthronyI or 
l-p-ohlorobenzoylanthraquinone in alkaline sodium hyposulphite 
solution under hydrogen with ethereal p-bromobenzoyl chloride 
(cf. Scholl, Mansfeld, and Potsohiwaiischeg, he. cit.), forms a pale 
brown powder. T, H. P. 

The Products of Reduction of Dimethylcampholamide, 
A. H.4.LLER and (Mme) P. R.oi.aet (Compl. rend., 1921, 173, 682— 
683 ), — VVhen reduced by sodium in absolute alcohol, dimethyl- 
campholamide gives a small amount of dimethylcampholylamiiic 
together with an indefinite compound, which, during purification, 
undergoes dehydration, giving diineihylcamphohnitrilc, 
OLAIej-CsHy-CN, 

b. p. 245—247° or 131 — 133°/14 ram. ; [a];) -(-3'2°. On hydrolysis 
with sulphuric acid, the nitrile gives the original amide, and on 
reduction with sodium and absolute alcohol readily gives dimAi- 
campholylamine, CHJIej'GjHjj’CHj-NHj, b. p. 123 — 124°/20 mm.; 

which is very basic and gives a sulphate, a hydrochlonb, 
and a plalinichloride. 

Dimethylcampholyl cliloride reacts with absolute alcohol, giving 
ethyl dimethykampholate, h. p. 138°/24 mm.; [a]i; -|-37'2°; and 
with sodium phenoxide, giving phenyl dimethykampholatt, b. p. 
190— 195°/.30 mm., a^d the latter ester on reduction with .sodium 
and absolute alcohol yields diimthykampholyl alcohol, 

b. p, 139— 140“/20 mm. ; [a]); +32°. W. G, 

A New Method for the Resolution of Asymmetric Com- 
pounds. Akiba Shiwowura and Julius Beeend Cokes (T., 
1921, 119, 1816—1825). 


Chenopodium Oil. Tho.vias Ajsdbbson Henry and Humpheev 
Paoet (T., 1921, 119, 1714—1724). 
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The Essential Oil of Mosta japonica, Maxim. Yoshiatsu 
McBAYAMA (J. Pharm. Soc. Japan, 1921, 769—786; cf. Haneda, 
Ml, 1889. No. 92; Shimoyama, A., 1893, ii, 181; HosMno, 
J, Chm. Ind., Japan, 1919, 22 , 557). — The essential oil of Mosla 
japonica, Maxim, freed from p-cymene, was separated by repeated 
fractional distillation into a terpcne fraction, b. p. 173—175°, or 
g 9 _- 60°/10 mm., and a sesquiterpene fraction, b. p. 12A— 128°/10 
aim. From the former, a new terpene, moskiie, was isolated, 

which resembles, but is not identical with, the crithmene of 
Trancesconi and Semagiotto (A., 1913, i, 636). By parsing hydrogen 
chloride into a cooled ethereal solution of the terpene, it yields a 
hydroctihride, Cr(,Hig,2HCl, m. p. 51°; this suggests the presence 
of a-tcrpinene and the formation of Cj(,H,|,(OH),, m. p. 235—238°, 
bv oxidation with potas.sium permanganate, indicates the presence 
of y-terpinene. The terpene yields a nitromchhridc, CioH,sONCI, 
white crystals, m. p. 111°, which by treatment with piperidine in 
alcoholic solution is converted into the nilrolpiperidide, lustrous, 
small plates, m. p. 142 — 143°, and by heating with aniline, into the 
nitroknUide, small prisms, in. p. 126—128°. Moslene nitrosatc, 
forming needles, m. p. 114°, is obtained by adding a mixture of 
glacial acetic acid and nitric acid {d 1-4) to a cooled mixture of the 
terpene, amyl nitrite, and glacial acetic acid. By warming the 
nitrosoohloride with sodium ethoxide, an ucorry-compound, m. p. 
52—53°, and an azo-compound, orange-yellow crystals, m. p. 
85—87°, are formed. On reduction with zinc dust and glacial 
acetic acid, the azo- or azoxy-com pound gave white crystals, of 
the conipo.sition C 2 (|n 24 (NH 2 ) 2 , 2 HCl, which changes its colour at 
about 262° and decomposes at 280—292° ; this gives, witli chloroaurio 
acid, a blood-rod coloration and then a greyish jirecipiitate. The 
platinichloride forms yellow grains, and docs not melt below 300°. 
By warming 2-nitro-p-cymene {Shimmfk Bfriclit, 1919, 130) with 
zinc dust in sodium ethoxide solution on a water-bath, an azo- 
compound is. produced which is identical with that obtained from 
moslene nitrosoohloride. The constitution of the azo-compound 
therefore corresponds with (1) and that of the azoxy-compound 
with (II) ; it follow.s that the new' terfrene, moslene, is a dihydro- 
p-cymene. There are theoretically flve isomeric dihydro-p-cymenes, 
three of w'hich are known. l\Io.slene must therefore have the 
constitution (III) or (IV). 


C'JIe CMc CMe Cile 

„ /% /\ /\ 

Hi; C-NIN-U CII HC C-N-X-C CH 

HC CH HC CH HC tTl 0 HC CH 

y V \/ \/ 

I V V v 

C 3 H, C 3 H, C 3 H, C 3 H, 


(I.) 


(II.) 


Cmie CHMe 


/\, /\ 
HC CH2 HC CH 
HC CH HC CH 


\/- 

c 

CjHj 

(III.) 


\/ 

OH 

C3H7 

(IV.) 


From the sesquiterpene fraction, caryophyllcne was obtained and 
identified by the formation of its nitrosochloride, m. p. 161° (the 
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thoroughly purified nitrosochloride melts at 177°), nitrosate, m, p 
147 — 148°, and alcohol, m. p. 82 — 84°. K. K, 

Occurrence of Moslene in Essential Oils containing 
p-Cymene. Yoshiatsu Murayama (J. Pharm. 8oc. Japan 
1921, No. 475, 786— 790).— As the author has isolated a neiv 
terpene, moslene, from the essential oil of Mosla japonica, Maxim 
(cf. preceding abstract), its presence was sought for in other 
e.ssential oils containing p-cymonc, and was proved in the terpene 
fractions of ajowan oil (from the fruits of Ptychotis Ajowan) and 
the oil of Moela grossestrraia, Maxim (cf. Murayama, A., 1920 , 
i, 624) by the formation of the nitrosochloride, nitrosopiperididel 
and nitrosate respectively. K. K. 

The Solubility of some New Resins. P. Nitoi,.ARiioT ami 
Ch. Coffionier (BhU. Soc. cUm., 1921, [iv], 29, 917— 921).— The 
solubilities of the resins from Hopm ricopei, and Aucoumea KUinmm, 
and of Dammar Cambodge, and light red Dammar [Thorea vulgaris} 
resins in ethyl, methyl, and amyl alcohols, ether, chloroform, 
benzene, acetone, turpentine, carbon tetrachloride, benzaldehyde, 
aniline, and amyl acetate are given. W. G, 

The Solubility of some Resins from Cochin-China. P 

Nicolardot and Ch. Coffigsier (Bull. Soc. chim., 1921, [iv], 29, 
921— 932).— Using the same solvents (cf. preceding abstract), the 
authors have determined the solubilities of the resins of Hopm 
odorata, Hopea dealhata, Skorea vulgaris, Shorea hypochra, Tlwrea 
thorelli, Hopm pierrei, Anisoptera, Nalica astrotica, and the resin 
from the Chine.se pine. W, C, 


The Relative Activity of Various AUotropic Forms ol 
Sulphur towards Caoutchouc. D. F. Twiss and F. Thomas 
(J. Soc. CUm. Ini., 1921, 40, 48— oOt).— Mixture.s of plantation 
rubber witli ordinary powdered sulphur and with insoluble sulphur 
respectively, with the additional presence of 1% of aldehyde- 
ammonia as catalyst, were vulcanised at 98°, 108°, and 118°. A 
mixture of synthetic rubber with sulphur was vulcanised at 108 , 
178°, and 188°. From the relative rate of vulcanisation in the 
first set of experime. 56 and the temperature coefficient of fte 
chemical reaction in the .second set, the conclusion is drawn that 
although Sp, as a vulcanising agent, is a little less active than 
SA or 8rr, the difference is surprisingly small. D. h. 1- 


The Discontinuity of Vulcanisation in the Presence of 
Organic Accelerators. D. F. Twiss (J. Soc. CUm. . 

40 242 — 248t). — W hen a mixture of natural caoutchouc (9U) an 
sulphur (10) is heated with the additional presence of zinc oxide ) 
and hexamethylenetetramine (0-5— 2-5), the course of the 
oani.sation process, as indicated by the gradual physical alteration m 
the caoutchouc, is net continuous (see Twiss and Howson, A., - . 
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751 ). The temporary softening effect which succeeds the initial 
period of normal alteration is probably due to a “ depolymerising ” 
effect by the hexamethylenetetramine. By reducing the proportion 
of sulphur in the mixture, it is possible to accentuate this effect 
and render it more persistent. This effect of hexamethylene- 
tetramine is also observable in the absence of zinc oxide, a higher 
proportion of combined sulphur than the normal being necessary 
to produce a condition of over-vulcanisation. Indications of a 
similar phenomenon are given in a milder degree by many other 
vulcanisation catalysts. In the presence of more zinc oxide the 
positive effect of such catalysts is increased and tire inverse effect 
is less evident. On the other hand, the activity of other catalysts 
is but Uttle influenced by zinc oxide; a glycerol solution of 
potassium hydroxide, for instance, is scarcely affected by the 
presence of zinc oxide or by previous saturation with hydrogen 
sulphide. D. F. T. 

Saponins. IV. The Saponins of the Nuts of Pseudo- 
pluenix Vinifera, Beccari, and their Magnesium and Calcium 
Salts. A. W. VAN HER Haar {Bee. trav. chini., 1921, 40, 542 — 
552; c£. A., 1917, i, 41, 70).- — These saponins belong to the group 
which is precipitated neither by normal nor by basic lead acetate, 
but by the basic acetate in presence of ammonia. They exist 
partly free and partly as compounds of calcium and magnesium. 
Their complete hydrolysis is a matter of some difficulty; the 
resulting saccharides are rhamnose, Iscvulosc, and d-galactose. 
Pentoses, fucose, dextrose, d-mannose, and acids of the glycuronic 
group are absent. Sapogenins produced by hydrolysis constitute 
about 40% of the .saponin and consist of a mixture of crystalline 
and amorphous substances. Two have been isolated in crystalline 
form, m. p. 328° and 215—210)° respectively. The formula of the 
latter is and the substance is of the nature of phytosterol. 

The author considers that .sapogenins are allied to the terpenes 
and that a more extended study of the crystalline sapogenins 
should be made on a larger scale. H. J. E. 

2 : 6-Diaryl-4-methylpyrylium Salts and Pyranliydrones. 

Wn-HELM Schneider and Fritz Seeb.ach {Ber., 1921, 54, [TIJ, 
3285 — 2298). — In continuation of previous work (Schneider and 
Meyer, this vol., i, 680), it has now been found possible to isolate 
the pyrylium salts from the products of the reaction directly in the 
term of their sulphoacetates, thereby effecting a considerable im- 
provement in the yields in certain cases. From aqueous solutions 
of the salts, it is possible by cautions addition of sodium hydroxide 
to precipitate the ^t-bases, but these pass into pyranliydrones when 
desiccated. The latter are, however, more conveniently obtained 
by the addition of concentrated sodium acetate solution to the 
sulphoacetates dissolved in ivater. Attempts to obtain the pyraii- 
hydrones in the crystalline condition have not yet been successful. 
The replacement of sodium acetate by weak organic bases, for 
example, anihne, phenylhydrazine, for the decomposition of 
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I..,„/NHPh M.-NTHPh pyrylinm salts leads unexpectedly to 

^ the production of pyridine deriv. 

Phj^ |Ph Ph.| >,Ph atives. Thus, 2 : 6-diphenyl-4-metliyl. 

I II I i pyrylium iodide and phenylhydrazine 

II givcl-anilino-2 :6-diphenyl.4-iuethyl. 

CHj pyridinium iodide (1), which is con- 

(II.) verted by alkali into the anhydro- 

base (II) . The latter class of substance 
has only been obtained up to the present from 4-methyl compounds. 

The requisite sulphoacetic acid is prepared by cautious ad- 
mixture of acetic anhydride (100 c.c.) and concentrated sulphuric 
acid (30 c.c.) and subsequent gentle heating of the mixture during 
two to three hours at a temperature which does not exceed 80°: 
at the end of this time free sulphuric acid is present only in 
traces. 

Acetophenone is slowly converted by the mixture just described 
at 45—50° into 2 : 6-diphenylA-melhylpyrylium mlphoacelate, 
CijHjsO-SOs-CHa-COsH, 

slender, yellow needles, ni. p. 204°, from which the corresponding 
chloride, bromide, pale yellow needles, m. p. 194°, and iodide, long, 
red needles, m. p. 222°, are obtained ; the latter salt is remarkable 
in that its solutions in dilute acid are pale yellow in colour and 
when cooled deposit the red salt without any previous darkening 
in shade. In a similar manner, hut with a mixture containing a 
smaller proportion of sulphuric acid, anisole yields 2 : B-di-p-um'si/l- 
i-methylpyrylitim nnlphouceiaie, matt 

yellow needles, m. p. 108°. The corresponding chloride, C.,|)Hi503Cl, 
separates from alcoholic solution on the addition of ether as an 
orange-yellow, crystalline powder, m. p. 173°, from a mixture of 
alcohol and benzene in coarse, flesh-red needles (-fCjIIg) and 
slender, pale yellow needles (-(-IGjHg). The bromide forms slender, 
orange-yellow crystals, m. p, 193 , whereas the iodide is composed 
of slender, yellow needles or brown crystals, m. p. 204°, Tn thi.s 
instance, the use of the .sulphoacetate for the preparation of the 
corresponding pyranhydrone (of. Schneider and Meyer, he. cit.) is 


particularly advantageous. 

hAnilirw-2 : H-diphenyl-i-methylpyridinium iodide, a yellow, crys- 
talline powder, m. p. 200°, is prepared by the addition of a solution 
of phenylhydrazine in benzene to a suspension of 2 : 0-diphenyl- 
4-methylpyrylium iodid. in the boiling solvent. It is converted 
by a slight excess of very dilute aqueous sodium or potassium 
hydroxide solution into the anhydro-hase (formula II above) dark 
blue needles, or hexagonal leaflets, m, p. 108°; it is somewhat 
unstable in solution in organic media. It is practically insoluble 
in water, in contact with which it behaves as a strong base which 
is able to displace ammonia from its salts. It readily re-form» 
the yellow quaternary pyridinium salts with acids and oombmci. 
even with very weak acids, for example, carbonic. 2 : 4 : 6- J n- 
pltenylpyryliurn iodide, a red, crystalline pow'der, ui. p. 22 , is 
converted’ bv phenylliydrazine in the presence of boiling benzene 
into the almost colourless \-avilino-' 2 -.i'.Q-lriphenylpjnMimm 
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iodide, which does not give a ooloiired anhydro-base when heated 
in aqueous-alcoholic solution with dilute alkali hydroxide, H. W. 

production of Coumarins from Maleic and Malic Acids. 
Q, C. Bailey and F. Boettoer {J. Ind. Eng. Chem., 1921, 13, 
905 — 906).— By heating together phenol and maleic acid in the 
presence of various dehydrating agents coumarin was not produced 
and with make acid no appreciable quantities were formed. 
ffi-Crcsol and malic acid in the presence of sulphuric acid produced 
mcthylcoumarin, a 50% yield on the weight of malic acid being 
obtained with a very pure m-cresol, and a 38 — i0% yield with 
an 80% m-cresol. Mcthylcoumarin is only one-tenth as toxic to 
white mice as coumarin. The perfume value of mcthylcoumarin is 
claimed to be equal to that of coumarin and its taste similar to, but 
slightly less intense than, that of the natural product. S. S. A. 


Sulphoacetic Acid as Condensing Agent. III. Acetyl- 
naphthyl Methyl Ether and 3-Acetyl-2-methyl-p-naphtha- 
chromone-flt. Wilhelm SrnvETnER and Fritz Kuxau (Ber.. 
1921, 54, [JS], 2302 — 2310; cf. Schneider and Scehach, this vol., 
i, 877). ccNaphthyl methyl ether is transformed by an acetyl- 
ating mixture prepared from acetic anliydiide (70 c.c.) and con- 
centrated sulphuric acid (10 c.c.) into 4-methoxy-o(-naphthyl methyl 
ketone which has been obtained previously by Gattermann from 
a-naphthyl methyl ether, aluminium chloride, and acetyl chloride. 
Under similar conditions, ^-naphthyl methyl ether is converted 
partly into 2 -methoxy-oi-naphthyl methyl ketone (cf. Fries, this 
vol., i, 424) (it is interesting to note that the Gattermann synthesis 
gives the isomeric 2 -methoxy-f>naphthyl methyl ketone) and 
3 -acetyl- 2 -methyl-^-naphthachromone-a. The formation of the latter 
from 2 -methoxy-a-naphthyl methyl ketone depends obviously on 
primary acetolysis of the methoxy-group by the sulphoacetic acid, 
0 JP internal condensation of 1 -acetyl- 

y p-iiaphthyl acetate with loss of 


OC<f%CH /\ /\ /\ wafer, and formation of the pyrone 
/\ /\ /O ' ' 0 I'iug, and subsequent acetylation 

/ \/«\/ V % ,('H of the 2 -methyI-p-uaphthachrom- 

. , TVt one-* ill position 3. 

It is proposed to term the iso- 
meric g-naphthachroniones (an- 
nexed formul®, I and II), P-naphthachromone-i, and p-naphtha- 
chromone-P' respectively. 

4-Methoxy-«-naphthyl methyl ketone crystallises in pale yellow, 
irregular leaflets, m. p. 70 — 71° (oxime, colourless leaflets, m. p. 
iiidelimte, 122 — 127°, ptemte, slender, red needles, m. p. 119 — 
121°). The pyrylium derivative does not appear to be formed 
from a-naphthyl methyl ether and sulphoacetic acid. p-Naphthyl 
laethyl ether likewise does not yield a pyrylium derivative, but is 
transformed into 2 -methoxy-*-naphthyl methyl ketone, colourless 
needles, m. p. 66 — 57°, and S-acelyl-2-methyl-^-naphthachro7none-a, 
long, coarse, pale yellow needles, m. p. 157—158°, The latter is 
converted by hydroxylamine hydrochloride in boiling absolute 
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alcoholic solution in the presence of barium carbonate into a svfi 
3tan£e, pale brown needles, m. p. 250° (decomp.) (the amount 
was too small to allow of further investigation), the dioxinu 
Ci 8 HijO(N-OH) 2, colourless needles, m. p. 201°, and mmoximi 
yellowish-white, irregular leaflets, m, p. 153°. 3-Acetyl.2-methvl 
p-naphthachromone-a gives unstable additive products iv-ftli 
bromine [m. p. 105 — 110° (decomp.)] and hydrogen chloride Tt 
is converted by alcoholic ammonia into 2-meihyl-^-napMuKhm 
mme-x, pale yellow, irregular leaflets, m. p, 168°. The latter gives 
an unstable additive compound, m. p. 100° (decomp.), with bromine 
an oxime, slender needles, m. p. 182°, and an oMitinc compound 
yellow needles, m. p. 137°, with ammonia, S-Acetyl’ 
2-met%l-P-naphthachromone-a is converted by boiling dilute 
aqueous sodium hydroxide solution into p-naphthol and 2-hydroxv. 
a-naphthyl methyl ketone, m. p. 64° (cf. Fries, he. cii.). H. W ^ 

Derivatives of 3-Oxy(l)thionaphthen. Samuel Smiles and 
Ernest Wilson McClelland (T., 1921, 119, 1810—1816), 


Carnitine. R. Engeland (Ber., 1921, 54, [fi], 2208—2213) — 
Carnitine (A., 1905, i, 726; 1907, i, 264; 1908, i, 41, 842; 1909 
i, 557) has been regarded by Fischer and Goddertz (A., I9li. i, igj 

as identical with the hydroxybutyrobetaine, 

but this view of its constitution is not readily reconcilable with 
the observation that it easily loses water when treated with con- 
centrated sulphuric acid at about 130° (or by treatment with red 
phosphorus and concentrated hydriodic acid at 156— 160'', or 
even at the boiling point of the mixture under atmospheric pressure) 
and yields apoeamitine. The compound prepared by Fischer and 
Goddertz, on the other hand, remains unchanged under these 
conditions and the non-identity of the two substances is further 
confirmed by the observation that carniline avriMoride has m. p. 
150 — 151° after softening at 145°, whereas the aurichloride of 


Fischer’s compound melts at 166—171° (according to the rate of 
heating) after softening at 160 — 161°. Carnitine is more prob- 
ably represented by the formula , and its 

CO CH’CH^’OH 

oxidation to p-homobetaine is explained by the instability of the 
intermediately formed “ trimethylaminomethylraalonic acid," since 
it is found that positively-substituted malonic acids readily lose 
carbon dioxide even when heated in aqueous solution. The 
catalytic hydrogenation of apoeamitine to the corresponding 
saturated betaine can only be accomplished with some difficulty 
and uncertainty; the product formed (armichloride, m. p. 172— 
173°) resembles most closely y-butyrobetaine, but the identity of 
the two substances is not established with certainty, and, at 
present, it can only be stated that it differs decidedly from 
and oi-iso-butyrobetaine and from g-isobutyrobetaine, 

npnCarnitine aurichloride, C_H,,02N,.4uCl4, crystallises in pale 
y 'llnw, lustrou.s leaflets, m. p. 190 — 195° (decomp.), after .softening 
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at about 180° ; the corresponding chloridf. forms long, hygroscopic 
needles. Carnitine chloride is converted by concentrated sulphuric 
acid at 90—100° into carnitine ether, which was isolated in the 
form of its aurichloride, C„H 3 „ 05 N 2 , 2 AuC! 4 , m. p. (indefinite) 
I7A-182°. H. W, 

Hygrine Alkaloids. IV. Di-l-methyl-2-pyrrolidylineth- 

ane. Kurt Hess and Franz Anselk (Ber., 1921, 54, [fi], 2310 — 
2326; cf. A., 1920, i, 497). — It has been shown previously that 
cuskhygrine is a derivative of di-l-methyl-2-pyTrolidylmcthane; 
attempts to synthesise the latter are now recorded. This can be 
effected by the catalytic reduction of di-2-pyrryl ketone by hydro- 
gen in the presence of platinum to di-2-pyrrolidylmethane (the 
course of the reaction is unusual and due to the presence of the 
carbonyl group, since the corresponding methylene compound is 
not reducible under these conditions) and methylation of the latter. 
The base is not homogeneous and can be separated into at least 
two biquaternary methylammonium iodides. Further examina- 
tion of the base from cuskhygrine has disclosed the fact that it 
also is not uniform, and can be transformed into two well-defined 
biquaternary methylammonium iodides which are not identical 
with those obtained from the synthetic compound. The existence 
of these optically inactive isomerides appears to be explicable only 
on the assumption that the nitrogen atoms function as asymmetric 
centres and that di-l-methyl-2-pyrrolidylmethane resembles stereo- 
chemically the saccharic acids and exists in six optically inactive 
forms, two of which belong to the non-resolvable meso-type. In 
favour of this conception, the isolation of a possible fifth i.someride 
is recorded. 

Di-2-pyrryl ketone, m. p. 156 — 157°, is conveniently prepared 
by passing a current of carbonyl chloride into an ethereal solution 
Ilf magnesium pyrryl bromide. It gives a hydrazone, m. p. 115 — 
117°, which is converted by sodium etho.xide at 1-50° into di-2- 
pyrrylmethane, b. p. 163 — 167°/12 mm., m. p. 73° [Pictet and 
Rilliet (A., 1907, i, 445) give m. p. 66°]. The ketone is reduced 
by hydrogen in the presence of platinum (the apparatus is fully 
described and depicted in the original) to a mixture of di-2- 
pyrrolidylmethanes, b, p. 112 — 122°/I5 mm., which is converted 
by formaldehyde and formic acid into a mixture of di-l-niethyl- 
2-pyrrolidylmethanes, b. p. 115 — 120°/13 mm. The latter, when 
treated with methyl iodide, gives two crystalline biquaternary 
methiodides, needles, m, p. 180°, and four-sided platelets, m. p. 
290° (incipient decomp.) | corresponding aurichloride, 
tiuHoghijAujOlg, 

yellow, microorystallinc precipitate, m. p. about 275° (decomp)], 
whilst apparently a third isotneride, cubes or prisms, m. p. 146— 
147°, was isolate in quantity too small to permit of analysis. 
The base from cuskhygrine is similarly convertible into two biqua- 
ternary methiodides, m. p. 263° and 201° respectively, the latter 
of which has been described previously bv Hess and Fink (A., 
1920, i, 497). 
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The action of hydrazine hydrate on cuskhygrine (Hess and fin]; 
loc. at.) has been further investigated, and it is now found that 
in the presence of a little water cuskhygrine-«-hydrazone, b. n 
182 — 18o°/ll mm., and relatively much smaller amounts of hygnne. 
hydrazont, b. p. 125 — 130°/11 mm., are produced. The latter is 
hydrolysed readily by dilute sulphuric acid to hygrine, and is 
converted by sodium cthoxidc solution at 150° into ct-l-methyl. 
2-pyrrolidylpropane, b. p. 140 — 142° (cf. A., 1914, i, 199), 
isomerism of the cuskhygrine-a- and -g-hydrazones remain,s unex. 
plained, but it is shown that the former regenerates cuskliygrine 
smoothly under the influence of acids. 

The transformation of cuskhygrine mto hygrine by alkalis has 
been recorded previously; the change can also be produced by 
hydrochloric acid at 170—180". 

Attempts to oxidise l-methyl-2-pyrroUdylacetio acid to 1 -methyl. 
pyrrolidme-2-oarbo.xylic acid were unsuccessful by reason of the 
unexpected stability of the original material. H. W. 

Constitution of Matrine. I. Hriz.ibur 6 Koxd 6 and Shi.n. 
ICHI SatO [J. Pfuirm. Snc. Japan, 1921, 059 — 679),— J/afrine, 
C15H24ON2, is one of the principal alkaloids of the roots of Sophora 
fiaveMms, Ait. (S. aiifpintifolia, S. and Z.) and is a monoacidic ter- 
tiary amine. Of the two nitrogen atoms, one forms a lactam 
ring with a carboxyl group and is changed to an imino-group by 
hydrolysis with alkali, matrinic acid being formed {ibid., 1889, 
No, 84 ; 1903, Xos. 260 — 262). Matrine hydrochloride was mixed 
thoroughly with fourteen times its weight of zinc dust and dis- 
tilled in a combustion tube, the ilistillate being absorbed in dilute 
liydrochloric acid. The distillate wa.s made alkaline, and subjected 
to steam di.stitlation. The residue consisted mainly of matrinic acid 
mixed with a black resin; the colourles.s oil of peculiar odour 
which di.stilled was acidified with hydrochloric acid and precipitated 
with mercuric chloride, the mercury was removed by means of 
hydrogen sulphide, and the two admixed bases were separated hv 
distillation under reduced pressure. 

The base, CjjHjX, distilled at 87°/19 ram. or 188— lS9°/760 mm,, 
and gave the following derivatives : HydrocMoruk, deliquescent, 
long needles; mercnrichlonde, white prisru-s, m. p. 206°; 'pkrek, 
vellow prisms, m. p. 165"; aiirichloride, y^ellocv lamellce, m. p, 
143 — 144°; platinichL ide, long lamellsc, decompo.sing at 21C— 
217°; meJhiodide, m. p. 241°. From the methiodide the cor- 
responding ammonium chloride was prepared as delique.sceiit, 
colourless needles; this gave a, niercurichloride , 111. p. 216°; pkrale, 
ymllow needles, m. p. 211°; fdatinicMoride, octahedra, m, P- 
22,3 — 224° (decomp.); and aurichloride, yellow needles, m, p, 
239 — 240°. The tnelhylammoniam hydroxide of the base, a brovn 
syrup, shows the characteristic behaviour of a base of this class, 
and on distillation with potassium hydroxide yields methyl alcohol, 
the original base, and some products of decomposition, ^ , 

The second base, matridine, white needle.?, m, p. 76 , does 

not distil at 160°/19 mm., and is a reduction product of matrine, 
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the carboxyl group having been changed into the CHj-group. 
Its properties resemble those of matrine, but it does not yield 
matrinic acid when hydrolysed. The hydrochloride, 
long, wbitc needles, sublimes without melting; the auricUoride, 
forms yellow lamelte, m. p. 216°. K. K. 


Strychuos Alkaloids. XXIX. Oxidation of Cryptobru* 
cinolone and its Preparation from Brucinolone-1). Hermann 
hKtrCHS, Emu. Hellbiegbl, and Harry Heekino (Ber., 1921, 
54, [B], 2177 — 2190). — The crude mixture of a- and l<-acetyl- 
brucinolone is converted by methyl alcoholic ammonia at 100° 
into the pure 6-foriii; attempts to effect this transformation more 
conveniently by the use of cthyl-alcoholie potassium hydroxide 
solution resulted in the preparation of a mixture of ethoxydihydro- 
briicinolone and oryptohrueinolone (Ixiuchs and Pierce, A., 1912, 
i, 898), thus giving a convenient method ol obtaining the latter 
which has now been subjected to prolonged examination. It 


is remarkable that in the series : brncinolone-fl 


hraoinoloae-6 


tot alopUolic 

> C‘rv])tot)rucim)lone, 

atoll •” 


cold alkali 

double bond 


appears fust to be displaced further from (he nitrogen atom by 
one carbon atom and then, under similar conditions, to resume its 
previous po.sition; thus probably indicating further changes in the 
remainder of the molecule under the inllueiice of alcoholic potassium 
hydroxide solution. The change does not, however, appear to 
affect the aromatic residue of the brucine molecule, since it has 
the .same reactions in cryptobrncinolonc as in the otlier brucinolones. 

Elhoxi/dihydrobrucmolone, colourless, lustrous prisms 

{+lJIe6H), m. p. generally about 110°, but occasionally about 
132“ after softening at 100°, [x];,' ■ •44-2° in glacial acetic acid 
solution; pointed prisms (4'lKl()H), m. p. 135° (decomp, ) after 
softening at 130°; anhydrous, m. p. 105—125°, —44-0°, and 

cryptobruoinolone, pale greenish-yellow leaflets, m. p. 190—192°, 
[«ij; — 1S0'9° when dissolved in glacial acetic acid, are prepared 
by the action of hot alcoholic potassium hydroxide solution on 
pure or crude aeetylbrucinolone-6 ; iu addition, tlicre is isolated 
a stibskmce which is soluble in alkali hydroxide and is termed 
lydroxydihydrobrucinohrie-lll, C.jiHjjOjhu. colourless leaflets or 
slender needles, m, p. 219 — 221° after softening at 213°, [ct]); — 49'5° 
in glacial acetic acid solution. The cthoxydihydro-eompound is 
converted by alcoholic potassium hydroxide solution into crypto- 
brncinolone, whereas the latter is unaffected. Ethoxydihydro- 
bminohne aedate forms colourless prisms, ra. p. 219 — 220°, 
[i]i;-78'2° in glacial acetic acid solution. Cryptobrucinolone is 
converted by 5,¥-nitric acid at 0° into the corresponding quimne, 
pisHijOjN'j, lustrous, red needles, which become discoloured above 
250°; the latter is reduced by sulphurous acid to the quinol, 
which is amorphous. Similarly, 14rV-nitric acid at 0° 
transforms cryptobrucinolone into the nitroquimM, CijHjjOjNj 
oraiige-eolourrf needles, which is reduced to the nitroquinol, 

k k* 2 
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CijHijOjNj, ochre-yellow, rectan^lar prisms, deoomp. 263— 26o”. 
AcdylcryptobrucinoUme, short, prismatic rods, m. p. 272 — 274° 
[ot]g— 199-5° in glacial acetic acid solution, is prepared with 
the aid of sodium acetate and acetic anhydride; it is oxidised 
by potassium permanganate in acetone solution to an acid 
CsaHMOioNa.O-SHjO, slender, colourless needles, m. p. about 280° 
(slight decomp.), which is most definitely characterised by its 
copper salt, C 23 H 230 ii,N 2 Cu, 8 H 20 , apple-green needles and prisms 
and ferric salt, (CasHjaOjjNjljFc-OH, brownish-violet prisms or 
needles. The acid is decomposed by 12.J7-hydrochloric acid at 100° 
into oxalic and acetic acids and non-crystalline basic products; 
it must therefore contain the groups IN-CO-COjH and COjH-Ci 
formed from the arrangement iN-CO-CHiCH-C:. Cryptobrucinolone 
is oxidised by permanganate in acetone solution to a snbstam 
crystallising in slender needles, m. p. 260° (decomp.) after softening 
at 230°, which dissolves in a large excess of alkali hydroxide 
solution. 

Acetoxydihydrobrminolme-I forms short, thick prisms, m. p, 
253—254°, [a]D —22-3° in glacial acetic acid solution. When 
cryptobrucinolone is heated with acetic anhydride at 100 ° (in the 
absence of sodium acetate) it i.s converted into a mixture of the 
corresponding acetate and dehydrobrucinolone acetate [brucinolone 
acetate-c], yellow needles or prisms, m. p. 312°, [a]',! —431° in 
glacial acetic acid solution, which is identical with the product 
obtained by the oxidation of acetylbrucinolone -6 in acetone solution 
(A., 1912, i, 210). When heated with methyl- alcohoUc ammouia at 
100 ° it gives ( ?) dekydrobruciru>hne, yellow, rectangular platelets, 
m. p. about 315° (decomp.), [oc]g —376° in glacial acetic acid 
solution, from which the acetate is readily re-formed. Braoinolonc-t 
appears to be partly converted by acetic anhydride at 100 ° into 
dehydrobrucinolone acetate. H. W. 


Acid Methylarsenate of Strychnine. J. Bouillot (J. Pharm. 
Chim., 1921, [vii], 24, ' 289— 294). — Conflicting statements have 
appeared at various times regarding the composition and properties 
of strychnine methylarsenate, but it is now definitely shown that 
the strychnine methylarsenate of commerce is actually the acid 
salt of the composition AsMe 0 ( 0 H) 2 .C 2 iH 3302 N 2 , 2 H 20 . This salt 
is prepared by dissolving in hot aqueous alcohol equimolecular 
proportions of methyle.-senic acid and strychnine, and allowing to 
crystallise by spontaneous evaporation, preferably in presence of 
sulphuric acid in a vacuum. Colourless needles are thus obtained, 
soluble in 14-5 parts of water at 20°, and in 146 parts of 90% 
alcohol. In 5% aqueous solution —21°. The salt is stable 
at ordinary temperatures, but commences to decompose _ at 


temperatures above 60°. 


G. F. M. 


Phenacyl- and Dihydroxyphenacyl-derivatives of Theo- 
bromine and Theophylline, and their corresponding Secona- 
ary Alcohols. C. Mannich and S. Kroll (Ber. dent. Pharm. 
Ges., 1921, 31, 291— 310).— With the object of preparing new 
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caffeine derivatives in which the stimulating action of caffeine on 
the nerve system was ehminated whilst the cardiac action was 
retained, substances were prepared in which the phenacyl radicle, 
COPh'CH,-, and the group, C„H 3 (OH) 2 -CH(OH)-CH 2 -, characteristic 
of adrenaline, were introduced into the xanthine‘'molecuIe. The 
desired physiological result was not obtained, however, phenacyl- 
theohromine and phenacyltheophylline showing no advantage over 
theophylhne, and the adrenaline-caffeine derivatives being physio- 
logically inactive. The preparation and properties of the following 

are described : l-PheriMyUhiophym-ne, 


prepared by the action of <o-bromoacetophenonc on sodium theo- 
phylline, forms white, silky needles, m. p. 188°. It yields an 
oxim, m, p. 233°, and a semicarbazoKe, m. p. 225°. When reduced 
with palladium and hydrogen, it gives the corresponding secondary 
alcohol, ix-phenyl-^-thMphyllinoetkanol, CsN 4 HT) 2 Me 2 -CH 2 'CHPh'OH, 


lU. lui; ■ 

3 : i-Dmethoxy-l-phemcyUheophylliru,, prepared by condensing 
sodium theophylline with m-brornoacetoveratrone, forms white 
needles, m. p. 212°, and gives an oxime, m. p. 216°. On reduction 
with palladium and hydrogen, it gives the corresponding secondary 
alcohol, s-S ■■ i-dimetiwxyphenyl-^-theophyUinoelhanol, in, p. 181°. 
On attempting to demethylate this with hydriodic acid decom- 
position ensued. 

‘i:i-Dihydro3cyphenacyWuophylline was obtained by demethyl- 
ating the above compound with hydriodic acid ; it gives a green 
coloration with ferric chloride, turning to red with ammonia 


(catechol reaction). Its diacetyl derivative melts at 203°. On 
reduction with palladium and hydrogen followed by hydrolysis it 
is converted into the corresponding secondary alcohol, a-3 ; 4- 
dihydmxyphenyl-^-theophyllinoetlMnol, which may be regarded as 
a derivative of adrenahne on the one hand and of caffeine on the 


other. The substance forms a grey, crystalline powder, which 
decomposes towards 220° without melting. Its iriaceiyl derivative 
forms white needles, m. p. 114°. l-Phenacyltheobromine, prepared 
similarly to the correspondhig theophylline derivative, melts at 
171°, and gives an oxime, m. p. 215°, and a semicarbazone, m. p, 
215—216°. The corresponding secondary alcohol, x-phenyl-^-lheo- 
brminoeihanol, forms ivhitc needles, m, p. 110°, with loss of 1 mol. 
of water of crystallisation. The anhydrous substance then melts 
at 147°. 


3 : i-DimetlioxypKep.acyltheobromive, prepared in similar manner 
to the theophylline derivative, forms silky crystals, m. p. 227°, 
and gives the corresponding secondary alcohol, m. p. 195°, on 
reduction with aluminium amalgam in dilute alcoholic solution. 
Demethylation with hydriodic acid of the methoxyphenacyltheo- 
bromine gave, grey needles of 3 : i-dihydroxyphenacyUheobro-mine , 
decomposing at 280° without melting. Its diaceUjl derivative, 
m. p. 208°, on reduction with aluminium amalgam in alcoholic 
solution, followed by hydrolysis with alcoholic potassium hydroxide 
ill absence of air, gives oi-3 : i-dikydroxyphenyl-^-lheobrominoethanol, 
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forming a grey, crystalline powder decomposing at 170° without 
melting. It gives a white, crystalline triacelate, m. p. 147°. 

® G. F. M. 

d-Lupanine, C 15 H 24 ON 2 . Gosta Molasder [Ber. (hut. Pharrn. 
Ges., 1921, 31, 265— 270).— Contrary to the statements of Beckel 
(A., 1911, i, 743; 1913, i, 86), the action of alcoholic bromine on 
lupanine hydrochloride does not result in a decomposition into 
two new bases, but gives a brominated compound of the com- 
position CjjHjjONj.HBr.Bi'j or CjiiH 22 Br 20 N 2 ,HBr in yellov 
crystals, from which bromine is readily eliminated by boiling with 
alcohol, ivith the formation of colourless crystals of lupanine hydro- 
bromide, m. p. 240°. d-Lupanine is very resistant also to tlio 
action of fuming hydrochloric acid under pressure, and to ,70°; 
potassium hydroxide. It yields a syrupy base having a crystalline 
hydrochloride, ra. p. 158°, when boiled with 40% alcoholic potassium 
hydroxide. G. F. M. 

Crystallographic Descriptions of some Pyridine and 
Picoline Derivatives. Mary Wikearls Porter (T., 1921, 119, 
1769—1773). 

Derivatives of Tetrahydrocarbazole. Willu.m Henry Per. 
KIN, Jtm., and Syd.ney Olb.nn Preston Plant (T., 1921, 119, 
1825—1839). 

Relation between Fluorescence and Chemical Constitution 
in Benzoxasole Derivatives. F. Henrich [Ber., 1921, 54, [B]. 
2492— 2511).— The author has shown that 5-hydroxy-l-piienyl- 
S-methylbeiizoxavole exhibits green fluorescence in various solvents 
even after purification by repeated crystallisation (A., 1897, i, 446; 
1899, i. 171). This compound and other benzoxazole derivatives 
have recently been prepared by Skraup (A., 1919, i, 598), who 
states that they lose their fluorescent iwopertios when repeatedly 
purifled by crystallisation from solutions treated with animal 
charcoal. 'The author has again prepared this compound and 
subjected it to repeated fractional cry.stalli.sation, treatment with 
animal charcoal, dissolution in alkali hydroxide solution, and 
reprecipitation, etc., the fluorescence remaining undiminished. 

A number of oxazole dcriva-tive.s have been prepared and 
examined to ascertain which of them exhibit to the unassisted 
eye fluore-scence in sob tion. distinction must he drawn between 
fluorescence shown in aqueous alkali solution and organic sobents, 
especially alcohol, and that shown in concentrated sulphuric acid 
solutions, w'hich fluoresce the most readily. In order to comer 
benzoxazole into substitution products fluorescing visibly m so u- 
tion, the first essential is for the (t-[l]-position to be occupied by an 
aromatic residue. The three 5-hydroxy-derivativcs of tlie tor 

OH-CeH 3 <Q>C-CeH 2 Me fluoresce strongly, whereas the corre- 
sponding compound with benzyl in place of tolyl shows no 
cence even if the 3-position is occupied by a , 

presence in position .5 of a salt-forming group, preferably y ) > 
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intensifies the fluorescent properties : thus, 3-hydroxy-l-phenyl-, 

4 hydroxy-l-pfienyl-, and 6 -hydroxy-l-phenyl-bcnzoxazole,s do not, 
whereas 5 -hydroxy-l-phcnylbenzoxazolc does show fluorescence in 
alkali solution; in the latter case, introduction of methyl in the 
g position enhances the fluorescence, but 3-hydroxy- 1-phenyl- 
">methylbenzoxazole is non-fluoresccnt. 

Replacement of the hydroxylin hydrogen of 5-hydroxy- l-aryl- 
benzoxazoles by methyl or ethyl gives a compound of distinct but 
weakened fluorescence in sulphuric acid or alcohol, and replacement 
of this hydrogen by acid residues produces increased weakening; 
further replacement in the 3-, 4-, and 6 -positions usually annuls 
the fluorescence. With reference to Sleyerhs theory of the relation- 
ship between fluorescence and chemical constitution (A., 1898, 

ii, 105, 275), it is found 
/X Nv vr compounds I 

I ^CPli II prepared by dis- 

0 — \ /'O'^ 0 tilling benzoyl chloride 

I Y I with (liamino-resorcinol 

CPhlN (I.) CPhlN (II.) and -orcinolrepSpectively, 

are almost devoid of 

fluorescence, even in concentrated sulphuric acid solution. 

Notew'orthv is the occurrence of fluorescence in sulphuric acid 
with compounds in which the 5.position is occupied by a methyl 
group. Thus, l-plicnyl-5-methylbenzoxazole and l-o-, 1-m-, and 

l. p-toiyl-o-methylbenzoxazoles, prepared from the reduction pro. 
duct of the volatile mononitro-m-cresol, exhibit comparatively 
strong fluorescence in concentrated sulphuric acid. 

[With GrST. Ocfekmanx.] — 3 - Acclo.rji - 1 - meihylhtnzojazoh, 
C 10 H 9 O 3 N, prepared from o-aminoresorcinoi hydroclilciride and 
acetic anhydride, forms dense, white crystals, m. p. 68°, and shows 
no fluorescence in organic solvents, concentrated sulphuric acid, or 
potassium hydroxide solution. 

%.Be.nzoylox\jA-plmy}hemoxazok, obtained by the 

action of benzoyl cliloritle on o-aminorcsorcinol hydrochloride, 
forms nodular masses of needles, ui. p. 143 — 144° with previous 
sintering, and yields 3-hydroxy-l -phenylbenzoxazole (Henrich and 
Opfcrmaim, A., 1904, i, 934) on hydroly.si.s, 
"^-Hydroxy-l-beiizyJbeiizoxazole, C'ljHnOnX, prepared from phenyl- 
acetyl chloride and o-aminoresorcinol hydrochloride, forms crystals, 

m. p, 185°, but does not give fluorescent solutions, 
b-IIydroxy-l-bcnzylbeiizoxazolr, CnHuOjX, prepared from phenyl- 

acetyl chloride and as-aininoresoreinol, crystallises in w bite, nodular 
masses, m. p. 154°; its solution in alkali does not fluoiesce. 

b-Hydroxy-l-o-folylheiizoxazok, Ci,H jjOjX, from o-toluoyl chloride 
and fts-aniinoresorcinol, forms crystals, in. p. 135°, and gives a 
pronounced green lliioix'scence when dissolved in alkali solution. 

5-Hydroxy~l‘\)-iotylbeiizoxazok forms crystals, m. p. 236’5°, and 
shows green fluorescence in alkali solution. ^ . 

*/''b-Hydroxy-\-benzyl-Z-meihutbenzoxazde, C] 5 Hj 30 ,X, forms crys- 
tals, m. p. 149° ; its solution in dilute alkali hydroxide shows no 
fluorescence. 
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[With K. Roedel.] — ^■Bmzoylamino-l>-benzoyloxy-\-'phenyli,m~, 
oxazole, CjjHigOjNj, prepared by the action of benzoyl chloriii^ 
on the hydrochloride of diaminoresorcinol obtained by reducing 
dinitrosoresorcinol (Fits, Ber., 1875, 8 , 633), separates in crystals, 
m. p. 283°, and, when subjected to dry distillation, yields as-1 : it 
dipMnylbenzdioxctzoh (formula I, above), which forms pale yellow 
crystals, m. p, 192°, and exhibits pale blue fluorescence in concen- 
trated sulphuric acid. 

as-1 : 1' -Dimethylbenzdioxazole, obtained from acetic 

anhydride and diaminoresorcinol hydrochloride, gives cry.stal8, 
m. p. 192°, and is devoid of fluorescent properties in sulphuric 
acid. . . 

[With F. Rossteutschke.] — He.m-acelyldiamino-orcinol, 

prepared by the action of acetic anhydride on diamino-orcinol 
hydrochloride, forms white crystals, ra. p. 137 — 138°, and, when 
distilled in absence of solvent, yields as-1 : F : i-trimethylbrndi- 
omzde, CijHioOjN,, which forms crystals, m. p. 140—141°, dis- 
solves readily in cold concentrated sulphuric acid to a non-fluorescent 
solution, and forms a irorao-derivative, small needles, m. p, 233°. 

[With F. Rossteutscher and N. Matulka.] — Benzoylamindenz- 

oyloxy-l-phxnylmethyloxazole^ OBz*CgHMe(NHBz)^T,^^OPh, pre- 

pared from benzoyl chloride and diamino-orcinol hydrochloride, 
forms colourless crystals, m. p, 246—247°, yields scarcely fluorescent 
solutions in alkali hydroxide solution and in sulphuric acid, and, 
when hydrolysed, gives hydroxybenzoylamino-i-phsnylmethyloxazok, 
CjiHijOjNj, which forms crystals, m. p. 234 — 235° ; by alcoholic 
potassium hydroxide either of these compounds is apparently 

converted into the compound, OH'CgHMefNHgl^ll^^CPh, which 

was not obtained in sufficient quantity for analysis. When sub- 
jected to dry distillation, benzoylaminobenzoyloxy-l-phenylmethyl- 
oxazole yields the compound, C 2 jH] 402 N; (formula II, above), 
which crystallises in yellow needles, m. p. 189 — 190°, and gives a 
faintly fluorescing solution in sulphuric acid. 

[With K. Roedel.]— CgHjOgN, prepared by the 
reduction of nitroquinol (Elbs, A., 1893, i, 640), was separated a.a 
hydrochloride. By benzoylation and ortho-condensation, it is con- 
verted into i-benzoyloxy-1-phenylheiizoxazole, CjgHjjOjN, which forms 
white crystals, m'. p. 154-5°, and in sulphuric acid shows slight 
fluorescence; on hydrolysis it yields i-hydroxy-l-phenylbe.nzoxa:ok. 
CijHjOjN, crystallising in white needles, m, p. 175°, and showing ii 
faint blue fluorescence in concentrated sulphuric acid. 

[With W WusDEK.] — ‘i-Aminocatechol hydrochloride, 
CgH,02N,HCl, 

jirepared by reduction of the nitrocatechol volatile in steam (a. 
Weselsky and Benedikt, A., 1882, 1200), gives a dark green color- 
ation with ferric chloride, a pale coloration with hypochlorite 
-solution and hydrochloric acid, and a brownish-yellow coloration 
with ])otasaium dichroraate and sulphuric acid. Treatment witi 
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benzoyl cUoride converts it into ^-bemoyloxy-l-phfnvlben~om~nh 
which distils at above 400- ’ 

CijHgOgN, ’ 

forms snow-white needles, m. p 191 109 ® n^A i- .. 

"7“n " Y hydroxide sohS 

[Witn JN. i^TyLKAj— 4-y4»wno-m-cre5o/ rCH„ • OH • N’R — 

1 : 3 : 4] hydrochloride {ci. yon Anwers, Borsche, and Weller this 
™ henzoyl chloride, giving l-phenyl- 

^-rndhylbenzmazok, white needles, m. p 92-5° which 

C,sH|,0fi, c^talli^ jn flpi^jer, white nmilei with a telnt 

odour, m. p, 94-95 , and forms a non-fluorescent alcoholic solution 
but m concentrated sulphuric acid shows bluish-violet fluorescence 
(3 mth m-toiuoyl chloride, giving hnUolyUi-nudhyUieyzomzolr 
colourless needles m. p. HV the alcoholic .solution of which shows 
no and the siflphunc acid solution blue, fluorescence; (4) with 

P;toJuoyl chloride, giving l-p.tolj/f.,5.mrf%»eiiroraro;e, m, p 117- 

fllcrUcenco"^ blue 

The Constitution of the Polysulphonated Derivatives of 

{Comp, rend., 1921, 173,586-587- 
cf. A 1910, 1, 74).-Indigotmtetrasulphomc acid (.luillard. A., 1893’ 

, 1 , 348) on oxidation gives an isatmdisulphonic acid in the form 
of Its potassium sa t, which when acted on by bromine in concern 
trated solution yields o : 7-(libromoi.satin. Thus the original acid 
must have been mdigotin-5 : 7 : y' : 7'-totrasulphonic acid. W. G. 

The Mechanism of Oxidative Processes. IV. Heiveich 
WiELAND [Ber., 1921 54 rffl 9Q7/?\ tu ■r'-t-pRiCH 
f)eaU with n\ r,’ The communication 

deals with (i) the oxidative decolonsatiou of indigotin, (ii) the 

1 nlr-7 Oil), the catalytic decomposition if hylt 

gen peroade, (iv) the peroxides as hydrogen acceptors, and (v^ the 
biological significance of catalases, ' 

i of communications (A., 1913, 1, 1304; 1914 

aet ou If fi d ‘bat the catalytic 

to aotiratin77f7h''' ” '0 promoting oxidation is not due 

0 actuation of the oxygen, hut of the hydrogen of tho substrate- 

fionTb7“*' ‘berrfore one of dehydrogenation and not of oxida- 

(■etiti'nc l' apparent exception to this con- 

<-X7sLn f 1 «f mdigotindianlphonic acid. In 

.xteusion of the obacn-ations of Kalb (A., 1910, i, 340; 1911 

00 veid iT"; 'o'u ?"■ 7°"" ‘b*"* ‘■'digotinsulphonic acid i.s 
(tJio 1 ^, 1 ? ’7 '•‘'bydro-dem-ative by palladium black and air 

10 process can be arrested at this stage in pyridine but not In 

hylhdvsed" te""’ *!?''* - '‘'■byf™''<‘igodatinsulphoiuc acid is 

under ft ^ fNatmsulphoiiic acid and indigotindisulphonio acid 
isation7f conditions adopted. The catalytic dccolor- 

gonaln " " ‘^‘‘""‘"1 as a ca* of dehydro- 
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(ii) Further examination of the autoxidation of aldehydes has 
proved that the process is catalytically accelerated by animal 
charcoal to almost the same extent as by palladium black. Under 
all conditions, dry acetaldehyde absorbs oxygen to form mainlv 
peracetic acid, whereas only acetic acid is obtained with mnist 
acetaldehyde, pointing thus to the conclusion that it is the aldehyde 
hydrate which is dehydrogenated by the per-aoid, CHMe(0H),i 
Mc-C{:0)‘0-OH^2Me-C02H+H20. With benzaldehyde, on the 
other hand, much benzoic acid is formed even when every 
precaution to exclude moisture is observed and the process 
may be interpreted as follows, Ph-CHO+PhC(lO)'0'0H — > 
PhCH(0II)-0'0'C(:0)-Ph -> 2Ph-C02H. The rate of autoxida- 
tion of salicylaldchyde is very small and is not markedly increased 
by the catalysts used; chloral and chloral hydrate, unfortunately, 
cannot be oxidised catalytically. 

(ill) The decomposition of hydrogen peroxide has been shown 
repeatedly to be an action of the first order. According to the 
author’s conception, however, it consists of two phases, the de- 
hydrogenation of the first molecule which is actually observed 
and the immeasurably rapid reduotive fission of the second mole, 
cule. HO'OH 0:0+2H and HO-OH+2H -»• 2 H 2 O. The 
whole reaction is precisely analogous to the decomposition of 
hydrazobeiizene at its melting point, or at the atmospheric tem- 
perature in the pre.sence of palladium black. Evidence in favour 
of this view is obtained by allowing the reaction to proceed in the ' 
presence of more potent hydrogen acceptors than hydrogen per- 
oxide itself. Suitable subkanoes are potassium persulphate in 
the presence of palladium black or animal charcoal, but not of 
blood-catalase, benzoyl peroxide which suffers reduction to benzoic 
acid in ethereal solution, dehydroindigotin, which is reducod to 
indigotin in pyridine solution" by ethereal hydrogen peroxide in 
the presence of palladium black, and sodium nitrosodisulphonatc. 
which is reduced to .sodium hydroxylaminedisulphonate in the 
pre.scnoe of palladium black. Blood catalase and yeast catalase 
are inactive toxvards dehydroindigotin and sodium nitrosodisiil- 
plionate. 

(iv) Hydrogen peroxide can behave as a hydrogenating agent 
by loss of hydrogen and liberation of molecular oxygen, as a dehy- 
drogenating agent by reacting with hydrogen and, in many reactions, 
as a true oxidising agent. The di-secondary peroxides can e.xhibit 
only the second type 01 action. It is shown in the case of 
potassium persulphate, dibcnzoyl peroxide, and diethyl peroxide 
that they can behave as acceptors in catalytically accelerated 
dehydrogenations, quinol being used as substrate. The powerful 
catalytic action of animal charcoal in the reactions with persul- 
phate and benzoyl peroxide is remarkable ; there can he no 
doubt that in this case, as with palladium black, the adsorbed 
quinol suffers a change in its structure which is manifested by le 
less firm union of its hydrogen atoms. Blood catalase also greatl\ 
accelerates the dehydrogenation of quinol by potassium persulpha e. 
Acetaldehyde and potassium persulphate do not react with one 
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another in 1% solution; the dehydrogenation of the aldehyde- 
hydrate is, however, with persulphate as acceptor, accelerated by 
palladium black, as is also that of dextrose. 

(v) The processes which con.sume oxygen and occur in the living 
cell are not to be explained by enzymatic activation of molecular 
oxygen but by activation of the hydrogen in the substance which 
suffers combustion. The hypothesis is supported by evidence 
drawn from the ivork of Thunberg {A., 1920, i, 784), Lipschitz 
(this vol., i, 203), and Batelli and Stem (Ghem. Zenlr., 1921, i, 581). 

H. \V. 

The Constitution of Isatin Salts and Isatol. Gustav Hei ler 
{Ber., 1921, 54 , [£], 2214 — 2222). — A reply to the recent criticism 
of Hantzsch (this vol., i, 597) on the author's work in the isatin 
series. 

It is pointed out that Hantzsch’s view of the uoH-existence of 
isatin A'-salts is mainly supported by arguments based on the 
behaviour of ethyl aoetoacetate and similar tautomeric substances, 
The comparison is, however, scarcely valid, since, in general, 
such isomerism in cyclic systems leads to the development of 
phenolic character and consequently of acidic properties in the 
laetim form, — NlCfOH)— . In the ring .system of isatin lactim, 
however, the hydro.xyl under the influence of the nitrogen atom 
has no actual phenolic character, but behaves more nearly as a 
tertiary alcoholic group which is susceptible of alkylation to a 
readily-hydrolysed ether, but does not allow the replacement of 
the hydrogen atom by alkali. 

With regard to practical details, the production of isatol from 
isatin silver and benzoyl chloride is again confirmed, and the 
uniformity of the protluct is established by crystallographic 
measurements, Contraiy to Hantzsch's assumption, a comparison 
of the physical and eheiuica] propertie.s of isatol and methyli.satoid 
of von Baeyer and Okononiidcs shows that these substances are 
not identical. Hantzsch's statement that methylisatoid docs not 
contain the methyl group since it can also be prepared from isatin 
silver and ethyl iodide is not supported by the author's experi- 
ments, since ho finds the cthyltsatoid thus formed to differ from 
methylisatoid. H. tV. 

Explanation of certain Transformations of Oxonic Acid 
and of AUantoxaidin. Helnrich Biltz and Rtmonr Rodl 
[Ber., 1921, 54 , [B], 2441 — 2448). — Oxonic acid, the identity of 
which with allantoxanie acid was demonstrated by the authors 
(.4., 1920, i, 885), and also allaiitoxaidin may be readily converted 
into cyanuric acid and into biuret. The yields are good, but it 
is not easy to e.xplain by simple reactions the opening of the 
4 5-earbon-carbon linking, as similar linkings in other analogous 
compounds show great stability. The following results furnish 
the explanation required. 

The oxidations of^oxonic acid and allantoxaidin to cyanuric 
^id by acid permanganate solution or other oxidising agent are 
examples of oxidation rearrangements (Biltz, A., 1913, i, 241) 
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analogous to the oxidation of bisdiphenylene-ethylene to diphenyl 
phenanthrene (Klinger and Lonnes, A., 1896, i, 691). The sitailj, 
oxidation of tetrachloroethylene to trichloroaoetyl chloride (Biltz 
A., 1902, i, 417) may be represented thus : 


0 0 0 ., ■ 0 

C1-C=CCL->C1-6— ecu -> Cl-C-CCIj Ch^CCl, . 

I I - ; I 

Cl Cl Cl Cl 

According to this view, allantoxaidin should exhibit combining 
power at the carbon-nitrogen pair united by a double linking 
It i.s, indeed, found that allantoxaidin unites with sodium hypo, 
broraite, the bromine atom passing to the 6-nitrogen atom and 
the ONa group to the u-carbon atom. By the action of acetic acid 
on the resulting compound, the sodium may be replaced by a 
hydrogen atom, giving 5-hromoamino-o-hydroxyhydantoin. The 
latter, and also its sodium derivative, undergoes even in the cold 
although more rapidly on heating, a sjaecies of Hofmann's reaction, 
with formation of cyanuric acid : 


cn^NH'C(ONa)-NHBr . rp^/NH-CBr(ONa). 
^NH-CO L CO'^ J 




the intermediate product assumed cannot, however, be isolated. 
The transformation of eyefopentanonoxime into ct-piperidone, that 
of oximinocamphor into camphorimide, and many other similar 
ring-enlargements are known. This formation of oyanuric acid 
from allantoxaidin furnishes support for Ponomareff’s formula 
for allantoxaidin (A., 1879, 227, 461) the reaction being inexplicable 

on the basis of the constitution 

AH-CO 

The decomposition of allantoxaidin into biuret and formic acid 
when heated in aqueou.s solution, either alone or with acid, may 
be explained if it is assumed that the molecule of water of crystal- 
lisation is combined by the allantoxaidin with formation of n-ammo- 
o-hydroxyhydantoin. The latter contains hydroxyl and car- 
bonylio oxygen at two adjacent carbon atoms, and, like many 
analogous compounds, such as lactic acid, which decomposes into 
acetaldehyde and formic a. '.d, shows a tendency to undergo fis-sion : 


p„/NH-C(OH)-XH, 

^NH-CO 


CO< 


NH-CO-NHj 

NH-CHO 


+H-C02H . 

The formation of biuret as well as of cyanuric acid when li- 
bromoamino-5-hydroxyhydantoin is heated in aqueous solution is 
explained thus : the hydrogen bromide produced by the formation 
of cyanuric acid reacts with other molecules causing scipion of 
hypobromous acid and reacts with this, liberating bromine, the 
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allaiitoxaito thus set free then undergoing eonversion into biuret ; 
this view is .confirmed by the observation that no biuret is formed 
ivhen excess of hypobromite is present in the solution. 

S.Bromoatmno-o-hydroxyhydanioin, CjHjOjNjBr, forms poorly- 
developed er 5 ^ta!s, m, p. about 143° (decomp.), and its tiodivm 
derivative, colourless needles. T, Ij p 


3 -Metbyloxonic Acid and 3-Meth.ylaUantoxaidm. Hein- 
rich Biltz and Rudolf Robl {Be.r., 1921, 54, [B], 2448—2451).— 
The conversion of allantoin into oxonic (allantoxanic) acid and 
allatitoxaidin finds a parallel in that of 3-methjdallantoin (Behrend 
and Zieger, A., 1916, i, 164) into 3-methyloxonio acid and 3-methyl- 
allantoxaidin. The dimethylallantoxaidin obtained from diazo- 
methane and allantoxaidin (A,, 1920, i, 886) has m. p. 164°, and 
not 158° as previously given; since treatment of 3-methylallan- 
toxaidin with diazomethane yields the .same dimethyl derivative, 
one of the methyl groups of the latter must occupy the 3-position, 
hut for the other methyl no choice is yet possible between the 
1- and 6-positions. 


S-Mtthyhxonic {'i-methylallaiUoxaiiic) acid, 

NMe*C0 ’ 

forms short, indistinct crystals and loses carbon dioxide when 
heated, its apparent melting point being that of 3-methylallan- 
toxaidin. It is obtained as the pola-mvin salt when 3-mcthyl. 
allantoin is oxidised by permanganate in alkahnc solution. 


i-Msthylallantoxaidin, 


, crystallises in elongated 


prisms with oblique or roof-shaped ends, sintering at about 200°, 
m. p. 226°. Its conversion into a-mcthylbiuret has not yet been 
achieved. 

An unsuccessful attempt has been made to transform 1-methyl- 
allantoin into 1-methyloxonic acid. T. H. P. 


Allantoin and its Methyl Derivatives. Heinrich Biltz and 
Fritz Max (Ber., 1921, 54, [B], 24.51 — 2476). — When subjected to 
prolonged boiling in aqueous solution, uric acid-4 : 5-glycol di- 
methyl ether yields allantoin, and similar behaviour is shown by 
the corresponding derivatives of various alkylated uric acids, 
although some of these either remain unclianged or give only the 
mono-ethers of the glycols. Thus, the glycol ethers of 1- and 
'■methyluric acids yield 3-metliylallantoiu; that of 7-cthyluric 
acid, 3-ethylallantoin ; those of 1 : 3- and 7 : 9-dimetliyluric acids, 
1 ; 3-dimethylallantoin, and that of 1 ; 7-dimethyluric acid, 3 : 8-di- 
methylallantoiu. The glycol dimethyl ether of 3 ; 7-dimethyluric 
acid gives the monomethyl ether, whilst those of 3 ; 9-dimethyl-, 
1 ; 3 : 7-trimetliyl-, and tctramethyl-uric acids remain unchanged. 
These glycols may undergo caSolide degradation, 3 ; 7-dimethyl- 
urie acid-glycol, for instance, yielding I-methyI-5-hydroxy- 
hj'dantoylamide. The transfonuation ol the uric acid-glycol ethers 
into allantoins may be accelerated by dissolving the ethers in 
alkali hydroxide solution, acidifying the solutions, and crystaUisiug. 
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The various explanations which have been advanced of th 
mechanism of the formation of allantoin by the oxidation of uii, 
acid in presence of alkah arc discussed, the conclusion being draw; 
that the first and only intermediate product in this oxidation i 
hydroxyacetyleuediureinccarboxylic acid (Behrend, A., 1904, i, 9501 
If the resulting strongly alkaline liquid is concentrated by evanor 
ation, even in the cold, potassium uroxanate crystallises out, thi 
compound being formed by simple hydrolysis. If, however the 
solution of the hydroxyacetylenediureinecarboxylic salt is acidified 
the free acid loses its carboxyl group. The one ring, if po,ssiblc 
that free from methyl groups, then appears to undergo immediate 
opening, displacement rearrangement giving the aUantoin. Tfi,, 
acidification is best effected by means of a weak acid, such as 
acetic acid, since evaporation of allantoin in presence of mineral 
acid results in its decomposition. 

As regards the structure of allantoin, all the facts known pre. 
viously, and likewdso the results now obtained for the first time 
are in complete agreement with the formula proposed by Grimaus 
(A., 1877, ii, 741), and Fenton and Wilks’s reaction with mono, 
methylfuryl (A., 1911, i, 209) also appears to support an open- 
chain formula. The available data are reconcilable with the 
hydroxyaoetylenediureine formula only with difficulty, if at all, 
The optical inactivity ahvay.s exhibited by allantoin may he due 
to extremely rapid racenii.sation. 

'i-Ethi/lallanloiii, prepared by boiling 

an aqueous solution of 4 : ,)-dimethoxy-7-ethyl-4 : o-dihydrouric 
acid (Biltz, Marwitzky, and Heyn, this vol., i, 006), crystallisK 
in long, slender prisms with roof-like ends, m. p. 189—190° (.slight 
frothing), and yields 3-ethylhydantoin when reduced by means of 
hydriodic acid. 

1 : '3-Dimelhiilal!a}iloi>i , *1^ crystallises in 

A Mc’CO 

the trielinic system, in either rectangular prisms or flat, quadrilateral, 
double pyramids with truncated apices [S. Riedel: b: 6 ;c= 
2-398 ; 1 : 1-306 ; !x=89° 7', [J_94° o', y=98° .58'], m. p. 214°, and 
yields I : 3 -dimcthylb 3 xlantom on reduction by means of hydriodic 
acid. 

5-Hydro,i'y-\-meihylhyda>iloylamide, 0511 , 04 X 3 , obtained when an 
aqueous solution of 4 .5-dihydroxy-3 ; 7-dimethyl-4 : . 5 -dihydro. 
uric acid is boiled, crj-stallises in stout, mostly hexagonal plates 
[Beutei.l : apparently monoclinic], m. p. 203 — 204“ (frothing and 
yellowing), and gives methylparabanic acid in good yield when 
oxidised, 

\ ■.S-OimelhylaUauloiii, ^^^®]>CH-XH-CO-NHMe, prepared 
X H. CO 

by heating an aqueous solution of 1 : 7 -dimethylspiVedihydaiitoin 
with basic lead acetate, forms stout, hexagonal crystals, m. p. 220 — 
223' (evolution of ga-s and darkening), and is reduced to 1 methyl- 
hydantoin by hydriodic acid. 
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j : 3 : S-Trimethylallantoin, C,Hi20jN4, prepared by the pro- 
longed action of diazomethane on 1 : 8-dimethylallantoin, crystal- 
lises in narrow, flat prisms, sintering at 149°, m. p. 152°, and gives 
1 ■ s-dimethylhydantoin when treated with hydriodic acid. 

Methylation of 1 : 6-dimcthylallantoin by means of diazomethane 
j-ields 1 ; 3 : 6-trimethylallantoin. T. H, P. 

Stability of Uric Acid-Glycol Dimethyl Ether. Heinrich 
Bn,TZ and Fritz Max (Her., 1921, 54, [B], 2477— 2479).— That 
certain samples of uric aeid-4 : 5-glyeol dimethyl ether (4 ; 5-di- 
)iietlioxy-4 ; 5-dihydiourio acid) (cf. Biltz and Heyn, A., 1917, 
i, 286) yield, on prolonged boiling in aqueous solution, not allantoin, 
but uric acid-4 : 6-glycol monomethyl ether is found to be due to 
the fact that the dimethyl ether is not so stable as was previously 
thought and undergoes rapid transformation into 8-methoxy- 
^-uric acid if a small proportion of the hydrochloric acid formed 
during its preparation is left with the ether as impurity. 

T. H. P, 

The Coupling of Benzenoid Hydrocarbons with Diazo- 
compounds. Kurt H. ilEYEB and Ha.ns Tociitermann [Ber., 
1921, 54, [B], 2283 — 2285). — It has been shown previously (A., 
1920, i, 97) that unsaturated alipliatio hydrocarbons couple witli 
diazo-oompounds to give crystalline azo-derivatives, but similar 
compounds have not been obtained previously witli aromatic 
hydrocarbons, probably because the reaction occurs so slowly that 
tlie diazonium salt is decomposed before it has proceeded to a 
reasonable degree, It is now shown that the unusually reactive 
diazotised 2:4: 6-trinitroaniline (prepared under the conditions 
described by Misslin, A., 1920, i, 837) couples readily with mcsitylcne 
to form 2:4: Q-lrinifrobenzejieozomeMlyleiie., 
C(iH2(X02)3-X:X-C'„H2.\Ie3, 

dark red, hexagonal platelets, in. p. 189° (dcoomp,), the consti- 
tution of which is deduced from its reduction to mesitylnmine. 
Misslin’s solution gives immediate intense colorations with toluene, 
w-xylene, tc-methylnaphthalcnc, and anthracene which doubtless 
depend on the formation of azo-compounds, but the relative slow- 
ness of the action inhibits the isolation of the products ; benzene, 
on the other hand, does not give a coloration. H. W. 

Isonitriles. II. Compounds with Aldehydes or Ketones 
and Monobasic Organic Acids. M. P.asserini [Gazzetta, 1921, 
51, ii, 181 — -188). — It li.as been shown (this vol., i, 743) tliat p- 
carbylaminoazobenzene reacts with acetone and acetic acid, giving 
rise to the acetyl derivative of hydroxyisohutyiyl-p-amiuoazo- 
benzene. It is now' found that a ])recisoly similar reaction occurs 
'vith benzaldehyde, benzoic acid, and an isouitrilc. The reaction 
may, indeed, be, regarded as general, tlic compound obtained 
undergoing progressive hydrolysis iii accordance with the sclieiue : 

NHR-C0'CR'R"-0-C0'R"' (when an aldehyde is u.sed, R'=H) 

NHR-C0'CR'R"-0H > C02H-CR'R"-6i1. 
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With ethyl aoetoacetate, acetic acid, and p-carbylaniinoaz 
benzene, the normal additive product is obtained, but when phenvl 
carbylamine is used, the hydrolysed product corresponding witl 
aoetoacetic acid results ; the esterified product is doubtless formpj 
first, but it is either liquid or too soluble to allow of isolation anJ 
is hydrolysed by the excess of acetic acid present. The oompo'urujj 
obtained in these two cases are derivatives of citramahe acid and 
when gradually hydrolysed by aqueous potassium hydroxide giv’ 
first derivativ'es of mesaconic or possibly citraconio acid' anj 
finally mesaconic acid ; 

If Ph a’ ■C,H,-NH-0O-GMc(0.Vr)-CH,-CO,Iil > SPh:K-C,H,-NH-00-0Mc .’OH-CO.H 

^ — > fOjU'pjii, 

NHPh-CO-CMe(OAc)-CH,-C'0|H ^ NHPIi-CO«CMc:OH*CO,H 

a.-Acetoxyhiobutyrmili(k, NHPh’CO'CMeo-OAe, prepared fnim 
phenylcarbylaiuinc, acetone, and acetic acid, crystaUises in slender 
colourless needles, m. p. 107 — 108°, and on hydrolysis yield* 
a-hydroxyrWobutyranilide (cf. Tigerstedt, A., 1893, i, 51), 

Bemoytoxyphenylacelyl-p-aminoazobenzene, 

NPh:N-C,.H«-NH-CO-CHPh-OBz, 

prepared from p-carbylaminoazobenzene, benzaldehyde, and benz. 
oio acid, forms pale yellow crystals, m, p, 222°, and on hydrolysis 
yields 

Mandf.lyl-'p-nminoazobcntene., NPhlN'CjHi’NH'OO’CHPh'OH, 
which crystallises in lustrou,s, coppcr-red scales, m, p. 186—188°. 

Benzoyloxyphcnykicetanilide, NHPh'CO'CHPh'OBz, obtained from 
phonyloarbylaminc, benzaldehyde, and benzoic acid, crystallises 
in almost colourless, flat prisms, m. p. 177°, and is accompanied bv 
a compound which separates in colourless needles, m. p. 161°, 
but was not further investigated. On hydrolysis, it yields man- 
delanilide (of. Reissert and Kayser, A., 1891, i, 438). 

Ethyl ^-p-aminoazobenzeneacelykitramalate, 

NPh:N-CsH^-NH-C0-CMc(0Ac)-CH2-C02Et, 
obtained from ethyl acetoacetatc, p-carbylaminoazobenzene, and 
acetic acid, crystallises in silky, yellow needles, m. p. 141°, and, 
when cautiously hydrolj'sed, yields either ^-p-aminoazobeimitf- 
mesaconic or li-p-a7mncazobenzeiiecitraeo>iic acid, CijH[ 503 X 3 (see 
above), as a yellow precipitate, m. p. 179°. 

'^-Anilinoacetylcilramalic acid, NHPh'CO'CMefOAcj’CHj'COjH, 
forms crystals, m. p. 77 — 78°, and as first product of hydrolysis 
yields ^■anilinomesaco'Ac or ^-anilinocitraconic acid, CiiHiiOjN 
(see above), crystallising in stout, highly refractive prisms, m. p. 
16 , 0 °. Two compounds different from each other and from that now 
obtained have been described as anilinoraesaconio acid (cf. Micbad 
and Palmer, A., 1886, 698 ; Anschutz and Keuter, A., 1890, 368). 

T, H. P. 

AzO'Compounds from Diketohydrindene. A. K. Das and 

B. N. Ghosh {J. Anier. Chem. Soc., 1921, 43, 1739—1741)-— 
Azo-compounds are formed by coupling diazonium compoim® 
with 1 : 3-diketohydrindene in alkaline solution. The products 
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form insoluble sodium salts, but when applied to vegetable fibres 
in the usual manner for the production of insoluble azo-colours 
on the fibre fast shades are produced. 

■a-}lUrobe,nzenmzo-l : ^-dikelohydrindaie, yellow crystals from 
pyridine, does not melt below 280°, and dissolves in sulphuric acid 
with a red colour and in potassium hydroxide with a magenta colour. 
n-Toheneazo-l : Z-iiketohydrindme, yellow, silky flakes from acetic 
Lid m. p. 211°, dissolves in sulphuric acid with a chocolate, colour. 
^.s 'aphtkaleneazo-X : 3-dikeiohydrindene, m. p. 205°, from acetic 
acid. 

] ; 3-Diketohydrmdene is readily converted into anhydro-bis- 
diketohydrindene. Thus, when tetrazotised benzidine is coupled 
with an alkaline solution of two molecular proportions of 1 : 3-di- 
ketobydrindene below 5°,diphenylevebi>iazo-l ■.Z-diketohydrindent (I) 
is formed, whereas when the coupling is effected at 26°, diphenykne- 
fjisazo-anhydro-hisdiketohydrindene (II) is formed. 


CO 

CO 

/\/Nch-n=n-<L ^ 
I — !co 


\A 


(I.) 


/“\ 

|cO I )CO y V 


CO 

CO _ 

■i I |C-C-CH-N=N-/ Nl 

I I icOI ;CO 


/~\ 

\_/ 

(II.) 


F. M. R. 


pseudoAzimides. I and II. Maximii.ian P. Schmidt and 
Alfred Hagenbocker {Her., 1921, 54, [R], 2191 — 2200, 2201 — 
2209),— I. o-Aminoazo-compounds are readily oxidi.sed to pseudo- 
azimides, but this behaviour is not shown by those substances 
which contain a further amino-group in the molecule. It is now 
shown that in these eases oxidation can be effected smoothly by 
ammoniacal cupric oxide solution, but it is noteworthy that four 
molecules of the oxidising agent are required for one molecule of dye 
instead of the two molecules calculated on the assumption of reduction 
to the cuprous stage. 

o-Amino-2-phenyl-l ; 2 : 3-benztriazole, m. p. 182-.5°, is obtained 
hy boiling a suspension of benzeneazo-m-phenylenediamine in 
alcohol (50%) with an aqueous solution of copper sulphate which 
has been treated with excess of ammonia. Similarly, benzeneazo- 
itt-tolylenediamine is transformed into 5-amiiio-Z-phenyl-G-methyl- 

1:2: 3-benzlria.zole, iSiH 2 -C,H 2 Me<C^^NPh, m. p. 215°, and 

p-sulphobenzeneazo-m-phenylenediamine yields the sodium salt 
of 5-amino-2-sulphophenyl-l : 2 : 3-benztriazole, needles which give 
an intense, yellowdsh-green, fluorescent solution (the corresponding 
dad is described). p-Nitrobenzeneazo-wi-phenylenediamine, long. 
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red needles, m. p. 230°, is converted by copper sulphate in boilim, 
aqueous pyridine solution into S-a/mino-2--p-nitrophenyl.l ; 2 ■ 3° 

henziriazde, NH2-C6H3<^>N-C6H^-N02, long, rcddish-brov i, 

needles, m. p, 331°, which is reduced by zinc dust and glacial accti 
acid to 5-amino-2-p-amirtopkmyl-\ ; 2 ; %be,nztriazok, m. p. 194' 
which can be diazotised in the usual manner and couples normally 
with diazonium compounds (the hydrochloride,' sulphate, and aceUI 
derivatives are described). 5-Aiuino-2-phenyl-l : 2 : 3-benztriazoi 
couples with benzenediazonium chloride to yield i-henzeneazo 
fi-ainino-2-pheiiy1-\ : 2 :3-benztriazole, needles, m. p. 112° (jjjj 
yv hydrochloride is described); the position 

] of the azo-group is deduced from the 

Ph-N'^ /\ similarity of the parent substance to 

\ ,3-naphthylamine. The dye is oxidised by 

lead peroxide in boiling xylene solution 
to 2 ; o-diphe.nyl- 1 : 2 : 3 : 4 : 5 : 6-benzditri. 
azole (annexed formula), four-sided, .silvery plates or aggregates of 

needles, m. p. 221°. 5-Amino-2-sul|)hophenyl-l : .3.benztriazolr 

couples ndth diazotised sulphanilic acid, giving the sodium salt of 

1- p-stdphobe)ize>ieazo-5-amino-'2-\>-sulphopheiiyl-l : 2 : 3-benztriazok 
CijHijOjXjSjXaj, which is oxidised by aramoniacal copper solution 
to the sodium salt of 2 : b-di-p-sidphophenyl-l : 2 : 3 ; 4 : 0 ; 6-6e!i-. 
difriazole, CijH,(,0|5N„S.,Xa.,. ‘2-Phetiyl-l : 2 : ’2-benztriazoh-3-uxo-'i- 
naphthylamine (from diazotised .)-amino-2-pheuyl-l : 2 : 3-benztri. 
azole and ^-naphthylamine), small needles, m. p. 2.58°, is oxidised bv 
lead peroxide in boiling xylene solution 5(2' ; T : ■naphihlrkzAjl]- 

2- phenyU\ : 2 : Z-beitzIriazole, C,„H(.<?>X-C5H3<?>NPh, silvery 

r'i N 

scales, m. p. 235°. Similarly, i-%»aphlhaUneazo-o-amiiio-2-jjkn^l 
1:2: i-benztriazole, tile-rcd' needles, m. p. 155—158°, gives 
2-phenyl-fi-'^-naphthjl-\ : 2 ; 3 ; 4 ; 5 ; d-benzditriazok, 

CjoH,-X<|>C„H2<|>XPh, 

m. p. 220°. Tetrazotised benzidine and (J-naphthylamine give 
the compound, Cj-jhlj^Xj, needles of metallic lustre, m. p. 315' 
(the corresponding sulphate is described), which is converted by 
copper powder or, but less advantageously, by lead peroxide in 
boiling nitrobenzene solution into the di-tfi-o-imide, 

Ci»Ht<^:>N-CeH4-CJI,-X<|>C,„H„ 

colourless leaflets, m. p. 317°. The subslance, C2,Hi;Xj, tile-red 
crystals, m. p. 245° (decomp.), obtained by coupling 2-phcnyl- 
1:2: 3-benztriazolp-5-diazoniuni .sulphate with 5-ammo-2-phenyl- 
1:2: 3-benztriazo!c. is oxidised to 2-phcnyl-5-(2'-phenyl-r :2':3- 
ben7.triazolyl-.5')-l : 2 : 3 ; 4 ; 5 ; 6-bcnzditriazole, 

PiiX<J>C„H.2<|>X-C,H3<|>XPh, 

.•ma’I leaflets, m. p. 231°. ^ 

Tl. m-Phenylenedianiine readily couples with two molecuit'S' 
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of » diazoaium compound with the formation of bisazo-dyes, but 
the point of attachment of the second diazonium residue has not 
1,0011 placed beyond doubt. Since the dyes do not suffer fission 
ill the normal manner, the authors have endeavoured to elucidate 
the problem by converting them into ditriazoles. It is found that 
the ‘double coupling” of m-phenylenediamine takes place in a 
more complex manner than was previously supposed and that, 
under the customary conditions of the reaction, the second diazo- 
nium residue becomes attached in about an equal degree to the 
2- and 6-positions of m-phenylenedianiine, thus yielding two bisazo- 
dyes which are oxidisable to two ditriazolcs. 

It has been shown already that the azo-dye derived from benz- 
eiiediazonium chloride and 5-amino-2-phenyl-l : 2 : 3-benztriazole 
is oxidised to an o-benzditriazole which must have the annexed 
formula it the diazonium residue enters the 
molecule in position i. This was considered 
to be the case by reason of the similarity of 
the amine to g-naphthylamine., but a more 
definite proof is obtained in (he following 
manner. 5-Amino-2-phcnyl-()-methyl-l ;2;3- 
benztriazole reacts with benzenediazonium cliloride to form 
i.be,nzcneazo-o-amino-2-phcnyl-6-methyl-l : 2 : ‘i-hcuttriazoh, yellow- 
ish-red crystals, in. p. 105°, in which the new group must have 
entered in position 4, since coupling in the meta-position has 
never been ob-served. If, liowever, the position 4' is occupied by 
a methyl group aa in o-amoio-2-phe!iyH-mcthyl-\ : 2 : Z-hmzlriatok, 
coarse prisms, m, p. 120° (obtained by the oxidation of ‘i-bmze.ne- 
azo-2 ; 64olyknediamine, nccdle.s, m. p. 124°), the action of a diazo- 
ti.sed solution of p-nitroanilino doe.s not lead to the production of 
ail azo-dye but to the diazoamino-compouud 

PhN<|>CjH2Me-M 0 ,^, 

which is converted by concentrated sulphuric acid into p-nitro- 
aniline and 2-phenyl-4-ir.ctliyl-l : 2 ; 3-bcnztriazolc-o-diazonium 
sulphate. 

The action of benzenediazonium chloride on bcnzencazo-m- 
phenylenediamine leads to the formation of a mixture of 2 : 4-di- 
benzeneazo-m-phenylenediamine, m. p. 250° (discovered by Griess), 
and 2 : Q-dibenzetieazo-m-pheiiyhiiediumine, red needles, m. p. 159° ; 
the constitution of the former is deduced from the observation 
that it is converted by copper sulphate in aqueous pyridine solution 
into a ditriazole which is not identical 


PhN- 


/' 






\/\ / 

N 


N 

NPli 


with the ortho-compound described above 
and which therefore must be 2 ; 6-di- 
phenyl-l : 2 ; 3 : 5 : 6 ; ~ -henzditriazole (an- 
nexed formula), m. p. 334°, whereas the 
isomeridc, m. p. 159°, is transformed into 2 : 5-diphciiyl- 
1 '• 2 : 3 : 4 ; 5 ; 6-benzditriazole, m. p. 221°. 

3 '■Ji-Dibenzeneazo-2 : i-ldyUncdiamine, long, red needles, m. p. 
135° (from benzeneazotolylenediamine and benzenediazonium 
chloride), is oxidised by copper sulphate in aqueous pyridine 
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solution to 2 : H-diphenyl-T-methyl-l : 2 : 3 : 4 ; 6 : Menzditriazaif 
ni. p. 192°, which is also obtained by tho action of lead peroxide 
on 4-benzeneazo-5-amino-2-phenyl-6-methyl-l : 3-benztriazole 
boiling xylene. H, W. 

Azides of Thiocarbamic Acids. E, Oliveri-Mandala (fij,. 
leUa, 1921, 51, ii, 195— 201).— In conjunction with Note, the 
author has shown (A., 1913, i, 774) that the action of azoiniide 
on phenylthiocarbimide at 40° yields the compound described bv 
Ereund and Hempel (A., 1895, i, 193) as 3-thio-4-phenyltctra2oline. 
This compound does not, however, correspond in chemical behaviour 
with such a structure and the author regards it as the azide of 
phenylthioearbamic acid, NHPh-CS’N,, analogous to the azides 
of earbamic acid. The mechanism or the addition of azoimide 
to thiocarbimides would then be sirnilar to that of its addition 
to carbimides and to ketens : R'NlC.S-t-NjH^R-HH’CS'S, 

e-n:c:o+N3H=r-nh-co-Nj and R2 :c:c:o+N3H=R2:cH’C 0'N,! 
Further, the reaction between nitrous acid and a thiosemicarbazide, 
NHR’CS-NH-NHj+HNOj— >NHR-CS-N 5 , becomes analogous to 
Curtius’s reaction between nitrous acid and a semicarbazidc. 
Again, just as Curtius and Burkhardt (A., 1899, i, 137) observed 
with azides of tho earbamic acids, these azides of thiocarbamic 
acids are found to lose their triazo-group as azoiniide when treated 
with ammonia, aniline, or phenylhydrazinc, derivatives of thio- 
carbamide being thus formed. On the other hand, the azides of 
thiocarbamio acids are distinguished from those of earbamic acids bj 
the great mobility of their triazo-groups. Thus, alkalis convert them 

into isomeric tetrazole derivatives, NHR-CS-Nj — > 

whilst treatment with hydrochloric acid results in the loss oi tvo 
nitrogen atoms from the molecule and heating in an indiilerenf 
solvent in the elimination of an atom of sulphur, NHR'CS’JJj— » 

NHR-C<f, — ^ NHR-CxV. 

N 

The azide of phenylthioearbamic acid yields phenylthiocarbamide 
when treated with concentrated aqueous ammonia, and diphenvl- 
thiocarbamide when treated with alcoholic aniline. 

The azide of o-ldylthiocarbamic acid, CgHjMe’NH'CS-Nj, prepared 
from o-tolylthiocarbimide and azoimide, crystallises in large, 
thin plates, m. p. 120° (dccomp.), and is highly sensitive to the 
action of light, whicP gradually turns it red. When heated wth 
alcoholic ammonia under pressure, it gives o-tolylthiomrbamm, 
CjHj-NH-CS'NHj, which forms crystals, m. p. 154—155°. 

ho-Tolyltetrazoh-UMol, CsH 4 Me-N<^<^'|, obtained by iso- 
meric change of the preceding compound under the action of 
alkah, forms crystals, m, p. 129°. When oxidised by “sa”® “ 
ferric chloride in alcoholic solution, it appears to yield the disulpMej 
C,H;-CN.-S-S-CN 4 -C,H„ which was not isolated owing to lacK a 
material. By alkaline permanganate solution it is, 
converted in the cold into i-o-tolyltclTazols-B-sulp ouic > 
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0 Hi'CN 4'S03H, which was isolated as the potassium salt, and in 
the hot into 5-hydroxytelrazok-l-be.nzoie acid, COjH-CjHj-CNj-OH, 
which begins to decompose slowly when heated above 200“ and 
in appearance closely resembles its para-isomeride (toe. cit.). 

T. H. P. 

Action oi Sulphur Monochloride on Tertiary Aromatic 
Arsines : Constitution of Sulphur Monochloride. Fkitz 
Zpckbbkaudl and Martha Sotai {Ber., 1921, 54, [B], 2179— 
24g9j. — The action of sulphur monochloridc on tertiary aromatic 
arsines, which, if similar to that on triphcnylbismu thine (Challenger, 
T., 1916. 109. 250), might be used for the preparation of arsine 
diohlorides not obtainable by the action of chlorine on tertiary 
arsines, actually proceeds quite differently. In an indifferent 
solvent, the reaction yields an additive compound, AsRjjSjClj, 
which is instantly decomposed by water or alkali, AsR3,S2Cl2 + 
Hj 0=2H01+S24-R3 As;O, and is converted into the corresponding 
sulphide, RjAslS, by either hydrogen sulphide or ammonium 
pcatasulphide. 

This new method for obtaining tertiary aromatic arsine oxides 
and sulphides has been applied to the preparation of triphenylarsine 
hydroxide and sulphide, tri-m-naphthylarsine hydroxide (Michaelis, 
A., 1902, i, 517, 524), tri-*-naphthylarsine sulphide, pp'p"- 
hexamethyltriaminotriphenylarsine oxide and sulphide. The addi- 
tive compounds with sulphur chloride vary greatly in stability, 
but they need not be isolated, and the yields of arsine oxide and 
sulphide are very good. That such compounds are actually additive 
and not merely molecular in character is shown by the fact that 
they always decompose into derivatives of quinquevalent arsenic. 

Of the three possible structures for such additive compounds, 
namely, AsRjISISClj, AsRjCbS'S’Cl, and AsRjlSCllj, the second is 
regarded as the most probably accurate (cf. Lecher, A., 1920, 
1, 433 ; von Konek, A., 1920, i, 880), this involving the assumption 
that sulphur chloride has the simple disulphide formula, CbS’S’Cl. 
That such assumption is justified is shown by the interaction of 
o-nitrophenylsulphur chloride, NOj’CjHj-S-Cl (Zincke and Farr, 
k., 1912, i, 763) on )tip'p"-hexamethyltriaminotriphenylarsine, 
which also yields an additive compound, decomposed imme- 
diately into hexamethyltriaminotriphenylarsine oxide, oo'-dinitro- 
diphenyl disulphide, and hydrogen chloride by water or alkalis, 
JfOj JlOj NOj 

RjAs / ^C1+H20=F3 As: 0-|-HC1+/^SH, and 2 

~ NOj “ 

to the additive compound is ascribed the formula 

(NMej-CsH^jjAsCl-S-CeH^-NOj, 
since if the chlorine were united to sulphur as in 

(NMej'CeHjljAslSCl-CeHj-NOj, 

the action of water should yield o : o'-dinitrodiphenylsulphur oxide, 
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0(S-C,H4-N02)2, or even the corresponding disulphoxide or sulnh' 
acid, N02'C5H4'S02H ; such sulphur oxides are formed, for instin***' 
by the action of water or alkali on o-nitrophenvlsulnhur ckL 
(Zincke and Farr, loc. cU.). 

It has not been found possible to prepare the intenncHi 
product, PPh,CbS'S-CI, from triphenylphosphine (Pfeiffer Hill* 
and Pietsch, A., 1905, i, 164). This result conforms exactly yitl 
Steinkopf and Buehheim’s observation that tertiary arsines combi ° 
with cyanogen bromide to form relatively stable arsinebrom'* 
cyanides, whereas the corresponding compound formed by tiH 
phenylpliosphine is unstable and could not be isolated (this^vol 
i, 469). “ ’ 

The additive compound, AsPh^Cl-S-S-Cl, formed by triphenylarsin 
and sulphur chloride, forms yellowish-white crystals, m. p 2()()»^ 
a minimal addition of free sulphur lowering the melting point to 
below 110°; when boiled with ammonia solution, triphenylarsinp 
hydroxide is formed. 

The additive compund, (NMej-C^H^jjAsCbS'S-Cl, obtained from 
pp'p''-hexamethyltriaminotriphenylarsme and sulphur chlcritlr. 
forms crystals, m. p. 137 — 141°. 

PT?'p''-HemrmihyUriamimtriphenylar3ine dihydroxide, 
(NMc2-C,H4)3As(OH)2, 

crystallises in cubes, m. p. 257°. The corresponding oiidt 
(NMCj'OjH^ljAslO, forms white crystals, m. p. 277°, and the 
sulphide, C^HjjNjS.As, glistening leaflets, m. p. 269 — 270°. 

The additive compound, (NMe2-C5H4)3AsCbS-C4H4-NOj, formed 
by hexamethyltriamiuotriphenylarsine and o-nitrophenylsulphur 
chloride, forms crystals, m. p. 201° (decomp.). 

Tri-*-naphthylarsino, obtained by Michaelis (loc. cit.) in 20“, 
yield, may be obtained in 46% yield from a-bromonaphthaleip, 
magnesium, and arsenic trichloride. The additive compound with 
sulphur chloride, CjjHjiCljSjAs, forms crystals, m. p. 175° (decomp,), 
Tri-*-naphthylarsine dihydroxidc and the sulphide, As(C]„H.)j:S, 
which forms white leaflets, m. p. 285°, were prepared. T. H. P. 

Action of Mercuric Acetate on p-Toluidine. II. L, 

Vecchiotii (Qazzetta, 1921, 51, ii, 208— 210).— In order to ascertam 
the position of the mercury group in the molecule of p-toluidine- 
mercuriacetate (A., 1919, i, 103) in relation to the amino-group, 
the author acetylates the latter and treats the acetyl deriratire 
with bromine in acc ic acid solution, the resulting product being 
?«-bromo-p-acetotoluidide, m. p. 118° (Wroblewsky, Amialen, 1S61, 
118, 152). Thus, when the para-position is occupied by either mercurj' 
or methyl, a second mercury atom entering the nucleus always goes 
to the ortho-position with reference to the amino-group. 

The aceiyl derivative of p-toluidinemercuriacetate, 
NHAc-CeHjMe-Hg-OAo, 

forms colourless, highly refractive, prismatic crystals, m. p. 175“. 

Complex Salts of Mercury with Phenols. V. Paoum 
(Oazzetta, 1921, 51, ii, 188 — 194). — According to Merck (Arch. 



OBGAKIO CHEMISTRY . 


i. 903 


Pharm., 1893. 231, 124), the compound obtained by the inter- 
action of thymol and mercuric acetate consists of two molecules 
of mercuric acetate, in one of which one of the acetyl groups is 
replaced by a thymyl residue. HgfOAcla+OAc-Hg-O’CmHij. The 
existence of such compounds is. however, doubtful, and their 
constitution cannot be determined by their elementary com- 
position alone (Schmidt, Phanmzeulische Cltemie, 1911, ii, 1099). 
'fhe author has prepared a mercuric acetate-thymol compound 
which contains non-ionisable mercuiy united directly to the carbon 
of the nucleus, the compound being readily and completely soluble 
ill dilute sodium hydroxide and precipitated unchanged on 
addition of an acid. Treatment of this compound with aqueous 
sodium chloride yields the corresponding mercuric chloride com- 
pound, from which the two HgCl residues are displaced by two iodine 
atoms when the compound is treated with a solution of iodine 
in aqueous potassium iodide. The formation of the original com- 
pound and these transformations are represented by the equations : 
OH-OsHjMePr + 2Hg(OAc)2 = 2AcOH + OH-C^HMcPrlHg-OAc), ; 
0H-C,HMePr(Hg'0Ao)2+2NaCi=2CH3-C02Na-i-OH-C8HMePr(HgCl)2, 
and OH-a8HMePr{HgCl)2-l-2l2=2HgClI-fOH-C3Hl2MePr. Merck’s 
compound also undergoes these changes and differs from that 
obtained by the author in that it is contaminated with free thymol. 

Phenol yields a similar compound, from which a di-iodophenol 
may be obtained. On the other hand, p-naphthol and vanillin, 
although they react promptly ivith a cold saturated solution of 
mercuric acetate in acetic acid, give only mono-substituted pro- 
ducts, from which, by way of the chloro-compounds, an iodonaphthol 
and an iodovanillin are obtainable. 

Diacetalomercurithymol, OH-CuHnfHg-OAclj, prepared from 
thymol and a saturated solution of mercuric acetate in acetic acid, 
forms lustrous crystals and its .lodiuni derivative large plates. 

Dkldoromercurithymol, OH-CijHjjtHgCl)^, yields thymol when 
reduced by means of zinc and potassium hydroxide; the di-iodo- 
ihymol, CijHiiIj'OH, is an .almost colourless oil, b. p. 21o°/16 mm. 
(partial decomp,). 

Diacetatomercuripheml, OH-CgHjlHg-O.Aclj, forma crystals, and 
iimrcuricMoroplKnol, OH-CjHjfHgCllj, yields the di-iodophenol 
described by Hlasiwelz [Ber., 1869, 2, 524) when treated with a 
solution of iodine in aqueous potassium iodide. 

Acetatomercuri-^-mpfUM, OH-Cj(|H|;-Hg-OAc, crystallises in 
lustrous needles, and, without dissolving or changing in appear- 
ance, is converted by aqueous sodium chloride into chlowmerouri- 
f-mpUhol, OH'Ci|,Hj-HgCl, which may then be transformed into 
1-ioilo-P-naphthol (cf. Meldola, T., 1886, 47, 525). 

Acetatomercurivanillin, CjH-O^'Hg-OAo, separates in crystals, 
and cMoromercurivamliiii, CgHjOj'HgCl, yields the iodovanillin 
obtained by Carles {Ber., 1874, 7, 616) from vanillin and alcoholic 
iodine solution. T. H. P. 
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Physiological Chemistry. 


The Regulation of the Reaction of the Blood. C. L. Eva\« 
{J. Physiol., 1921, 55, 159 — 192; from Physiol. Abstr., 1921, g 
424). — The buffering of separated plasma (primary buffering) ij 
contrasted with that induced in the true plasma of whole Mood 
through the agency of the red corpascles (secondary). The re- 
action of plasma, although dependent on the ratio of free to fixed 
carbon dioxide, is not wholly determined by this, but also by tfie 
other salts present, which lower the reaction by P,, O’.S, ffie 
effect of plasma proteins as buffers is negligible in practice. .1 
slight modification of the Hasselbalch formula, with the use of 
values for P-K^ derived from observations made on plasma 
allows of the calculation of the reaction of a plasma from the 
usual data. The carbon dioxide reaction curves for plasmita 
of varying bicarbonate content are parallel, whilst the P,, at 
a given carbon dioxide pressure varies directly as the logarithm 
of the bicarbonate content as for bicarbonate solutions; these 
relations are. much less accurately maintained when whole blood is 
dealt with, first, because of differences in the extent and range 
of secondary buffering; secondly, because of capricious post- 
mortem changes iii the corpuscles. Blood of high haemoglobin 
or of low bicarbonate content has a flatter carbon dioxide reaction 
curve than that in which either or both of these proportions is 
reversed. When a blood shows a reduction of carbon dioxide 
capacity on keeping, this change affects the corpuscles more than 
the true plasma, which tends to maintain a constant bicarbonate 
content at a given carbon dioxide pressure; this is yet another 
instance of the operation of secondary buffering in all cheum- 
stances which otherwise would tend to lower the P,[ of the blood 
(plasma). Plasma, blood, and bicarbonate solutions alike are more 
alkaline at higher than at lower temperatures. E, S. 


Regulation of the Alkalinity of the Blood. J. B, S. H.ald.ixk 
{J. Physiol., 1921, 55, 265 — 275; from Physiol. Abstr., 1921, 6, 
424 — 425). — Ingestion of 5 to 55 grams of ammonium chloride in 
man causes a fall in the alveolar carbon dioxide and in the blood 
carbon dioxide capaedy, and a rise in the acid, ammonia, and 
phosphate of the unne. The depression of the alveolar carbon 
dioxide is roughly proportional to the rate of excretion of acid plus 
ammonia. The ratio of acid to ammonia depends on the amount 
of phosphate available for excretion, and this amount falls a.s the 
acidosis progresses. The various effects are probably due to con- 
version of part of the ammonium chloride into urea, thus freeing the 
hydrochloric acid. 


Physico-Chemical State of Sugar in the Blood. K. 

(Brit. J. Exfl. Path., 1921, 2, 194—196; from Physiol. Abslr., Viit, 
6, 440—441). -As shown by Kozawa, dextrose causes swelling oi 
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human red corpuscles. Practically the same hematoerite results, 
however, were obtained with human red corpuscles treated with 
the seiiim of a diabetic patient, normal serum with the addition of 
isotonic dextrose solution, or isotonic dextrose-sahne solution. It 
may therefore be assumed that sugar in the circulating blood is 
present in the same physico-chemical character as in the solution 
of free dextrose, that is, it is present as free sugar, E. 8. 

The Dextrose Content of Arterial and Venous Blood from 
Muscle. R. Ege and V. Henriqces {Compt. rend. Soc. Biol., 
1921, 85, 610 — 611 ; from Physiol. Abstr., 1921, 6, 441). — The 
experiments were conducted on the hind-limb of the goat and dog 
after preparation of the animals by lasting and administration of 
phloridzin to remove all stores of carbohydrate. Under these' 
conditions, the arterial blood-sugar was 0-004%, while the venous 
blood-sugar was onc-fifth of this, namely, 0-0008%, E. S. 

Coagulation of the Blood. II. The Clotting Complex. 
H. W. C. Vines (J. Physiol., 1921, 55, 287—295; from Physiol. 
Abstr., 1921, 6, 424). — The clotting complex (of. this vol,, i, 525) 
is a combination of a lipoid, calcium, and a protein. The calcium- 
lipoid combination is essential, and does not yield calcium ions ; 
the function of the protein, which seems to render the lipoid com- 
pound more sensitive and may act by keeping it in a slate of fine 
suspension, is apparently secondary. The comiKmnd has properties 
resembling those of the thrombokinase of Morawitz rather than of 
the prothrombin of Howell. The anti-coagulants (oxalates, citrates, 
fluorides, hirudin, and cobra venom) act as antikinase; hirudin 
acts also as an antithrombin. E. S. 

The Chloride Content of the Seram of Sucklings. K. 

ScHEiK {Jalirb. Kinderheilk., 1921, 94/44, 295 — 314 ; from Physiol. 
Abstr., 1921, 6, 426). — The chloride content of the serum of suck- 
lings is fairly constant, and about 0-.50 to 0-59%. At the beginning 
of digestion, the chloride decreases quickly, and regains its former 
level afterwards. This connexion between the serum chloride and 
the secretion of gastric juice is quite independent of the kind of 
food. Infusion of isotonic dextrose solution effects a diminution 
of the serum chlorides of some hours’ duration. E. S. 

A Method for Investigating the Hmmolytic Activity of 
Chemical Substances. Ebk- Ponoer [Proc. Roy. Soc., 1921, 
[5], 92, 285 — 295). — A new technique is described. Estimations of 
the haomolytic activity of a number of substances indicate that, 
for a constant quantity of hoemolytic substance, the relation 
between temperature and time of hiemolysis is expressed by a 
hyperbola. E. S. 

The Calcium Content of Egg-white. H.axs Kkeis and Josef 
hiUDiYGEU [Schweiz. Apoth. Zeil., 1921, 59. 193 — 196). — White 
of fresh hens’ eggs yields 0-75 — 0-80% of ash containing 0-59— 
4-25% of calcium oxide ; the lime content of the ash of egg-yolk 
is 11-54 — 12-32%. When preserved in calcium hydroxide solution, 
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lime is not absorbed, so that estimations of calcium in the ash 
the albumin give no indication of such preservation (of, ■ 
Che.m. Zeit., 1904, 28, 620). Chbmicai, Abstracts^'' 

Composition of the Egg of the Brown Frog (Ram fusca] 
the Time of Laying. E. F. TBEBomE and H. BASTHfiTin * 
(Compt. rend., 1921, 173, 611— 613).— The composition of th 
ovarian eggs of the brown frog at the time of laying is remarkall' 
constant and is independent of the age, weight, etc., of the indf 
vidual females. The organic matter of the egg is almost entire! • 
composed of nitrogenous substances, fats, and lipoids. There 
a remarkable similarity in composition between the eggs of th 
frog and those of the trout and .silk-worms. q 

Is Glycogen the Source of the Acids developed in Antolvsis? 

W. Morse (Proc. Soc. Expt. Biol. Med., 1921, 18, 246—347; from 
Physiol Abslr., 1921, 6, 406). — Ox liver was used for the experiments 
on autolysis. The results indicate that glycogen may be one of 
the precursors of substances concerned with the development of 
acidity. j; g 

Internal Secretion of the Spleen. K. B. Eddy (Endocrin. 
1921, 5, 461 — 475; from Physid. Abslr., 1921, 6, 448).— It is 
claimed that the spleen produces an internal secretion wliich 
regulates the number of red corpuscles in the blood-stream. This 
is supported by the changes in the erythrocyte after splenectomv ■ 
the modification of the blood-picture in hyperplasia of the spleen! 
ameliorated in some cases by splenectomy, and the specific effects 
on the red corpuscles of injection of splenic extract. It is suggested 
that the chief function of the spleen is the removal from the cir- 
culation of the disintegrated erythrocytes ; that the splenic cells 
elaborate this material, producing thereby an internal .secretion, 
which was a component of the erythrocyte, cither stroma or pig- 
ment portion; that this internal secretion reduces the resistance 
of all the red blood-corpuscles, the effect amounting to actiisl 
destruction of the older cells, and, finally, that this interns] 
secretion, possibly after modification by the liver, stimulates the 
erytlirogenio function of the bone-marrow, and is used up in f!ie 
manufacture of new corpuscles. E. S. 

Creatinine and Creatine in Muscle Extracts. I. A Com- 
parison of the Picric Acid and the Tungstic Acid Methods 
of Deproteinisation. II. The Influence of the Reaction oi 
the Medium on the Creatinine-Creatine Balance in Incubated 
Extracts of Muscle Tissue of the Albino Rat. Feedekick 
S. Ha>imett {./. Biol. Chem., 1921, 48, 127—131 and 133-141).- 
The author describes procedures whereby concordant results in the 
estimation of creatinine in muscle extracts may be obtained hy 
the use of either picric acid or tungstic acid as protein precipitanta. 
Using the picric acid method, he finds that, if extracts of the 
muscle tissue of the rat are incubated at body temperature, the 
creatinine increases at the expense of the creatine. This chMge 
is influenced by the reaction of the medium, the optimum enect 
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being obtained when this is buffered to neutrality by a phosphate 
mixture. The presence of an enzyme capable of bringing about 
this change is suggested but not proved (cf. Hahn and Barkan, this 
vol., i, 515). C. R. H. 

Action of various Lactones on Worm Muscles. Ludwig 
Ladtbnsohlaoeb (Bcr. deut. Pharm. Gm., 1921, 31, 279—291).— 
Further experimental support is adduced of Trendelenburg’s 
theory (Arch. Expf. Path. Pharm., 1915, 79, 190) that the anthel- 
mintic action of santonin and similarly constituted compounds is 
to be ascribed to the lactone structure, and comparative experi- 
ments have shown further that the lactone group must be associated 
with a carbon ring system, open-chain lactones having no anthel- 
mintic action. The naphthalene nucleus in santonin can be 
replaced by a simpler cyclic system, so, for example, phthalide 
and meconin (dimethoxyphthalide) arc as powerful in their action 
as santonin, and the replacement of one of the methylene hydrogen 
atoms by a simple alkyl group still further increases their activity. 
On the other hand, substitution by an aromatic group produces a 
derided weakening in the anthelmintic action. G. F. M. 

Distribution of Sodium Salts in Plant and Animal Cells. 

S. Fuscoka (Kyoto Igaku Zasshi, 1918, 15, 85— 120).— Sodium 
maybe detected by precipitation as a double .sulphate with cerium, 
or as a triple magnesium and uranyl acelate ; a negative result does 
not exclude the presence of sodium. By these and other reactions, 
sodium was found in tlic blood plasma of both vertebrates and 
invertebrates, but not in their erythrocytes. It was present in 
the lymph of muscles but not in their fibres. Sodium occurred 
in the ground substance of cartilage but not in the celts themselves. 
In other tissues, it was detected in the intcroelhdar .substance but 
not in the cells. In plants, sodium was found in the cell plasma, 
Irat not in the nucleus or the chlorophyll bodies. 

Che.mical Abstract.?. 

The Variation in the Zinc Content of the Rabbit’s Body 
during Growth. Gabriel Bertrand and R. Vladesco (BuU. 
■‘ioc. c/ii'ro., 1921, [iv], 29, 915 — 917).— In the case of the rabbit, 
the. percentage of zinc present in the w-hole body shows a maximum 
at the moment of biriti, diminishing gradually during the time 
of suckling, and then rising rapidly after weaning, W. G. 

The Distribution ol Zinc in the Organism of the Fish. M. 

Bodaxsky (Compt. re.nd., 1921,173, 790 — 792; cf. this vol., i, 78). — 
In the red snapper fi.sh, Lvijamis aya, the liver and the spleen are 
the most important centres of accumulation of zinc, and the 
skeletal portions as W'ell as the. branchial arcs, the skin and the fins, 
contain relatively more zinc than the other tissues such as the 
muscles. In the catfish, Aihirichlys maruuis, the branchial arcs 
and the skeleton have the highest zinc content, followed by the 
liver, the fins, and the skin, whilst again the muscles contain but 
httle zinc. W. G 
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Calcium in the Blood in Diseases of the Skin. W. f. Xj.,, 

and Marie Ehr (Proc. Soc. Expl. Biol. Med., 1920, 17, 
and ibid., 1921, 18, 189 — 191). — Gravimetric methods for ti,,. 
estimation of calcium in the blood were vitiated by the presence 
of calcium in filter-paper; Halverson and Bergeim’s volumetric 
method vas therefore subsequently employed. The blood plasma 
of normal persons contained from 7-8 to 9-8 mg. of calcium uer 
100 c.c. The average amount of calcium present was low in eases 
of furunculosis diabete.s, hemophilia, and puerpura hsemorrhagia 
normal in ea.sea of homiplagia, secondary anaemia, pneumonia ami 
familial paralysis, and high in cases of acne, healed pulmonaiv 
tuberculosis, and some cases of nephritis. Chemical Abstracts 

. Chemotherapeutic Experiments with “ Bayer 205," a New 
Trypanocidal Agent of Special Activity. L. Haendel and 
K. W. JoETTEs (Berl. Klin. Woch., 1920, 57, ii, 821—823).— 
O'O Mg. of the agent causes the permanent disappearance of 
Trypanosoma brucei from mice, for which the lethal dose is 20 me. 
Remarkable cures are also effected in the case of the dourim 
disease of horses. Some trypanosomes arc not eliminated, for 
example, T. leieisii. Cf. the two following abstracts, G. B. 

Experiments with a New Trypanocidal Agent ("Bayer 
205 ”) on Trypanosomes Pathogenic to Man and to Animals, 
Martin Mayer and Heinz Zeiss (Arch. Schiffs-u. Tropenhygmi, 
1920, 24, 257 — 294; cf. preceding abstract). — The curative sub- 
cutaneous dose for mice is 0-06 mg., the lethal dose 10 mg. Tlip 
substance is an unfailing therapeutic agent for mice, rats, guinea- 
pigs, and rabbits infected with T. brucei (Nagana), T. eqi(iperiii)ii, 
T. equinum, T. gamhiense (human sleeping sickness), and T. rhihs. 
iense. Smaller do.<e.5 have a prolonged prophylactic effect. 

G. B. 


Action of " Bayer 205 " on Trypanosoma equiperdum ia 
Experimentally Infected Mice. C. M. Wenyon (Brit. Med. J., 
1921, ii, 746; cf. preceding ab.sfract).- O-OOo Gram per kilo given 
intravenously free.s mice from T. eqnijwrdum in the course ol 
forty-eight hours. G. B, 


Action of Bismu’h on Syphilis and on Nagana trypano- 
somiasis. Treatment of Syphilis by Bismuth. R. Sazekac 
and C, Levaditi (Compt. rend., 1921, 172, 1391; 173, .3,38),- 
Sodium bismuth tartrate, suspended in oil, has a very favourable 
effect on syphilis in rabbits and in man ; it is much less effective 
on Nagana. fb B- 


Treatment of Syphilis by Bismuth. Louis Foukxieb and 
L. GufaoT (Compd. rend., 1921, 173, 674 — 676). — Result-s obtained 
with human syphilis amply confirm the conclu-sions of the preceding 
abstract ; bismuth is a mo.st promising agent. G- 
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The Fate of Salicylic Acid and some of its Derivatives in 
(ho Organism. W. Devrient {Arch. expt. Path. Pharm., 1921, 

„g 242 255; from Physiol. Absfr., 1921, 6 , 439). — Not more than 

1 "o/ of the salicylic acid administered is excreted in the urine. 
SauerUnd’s method of estimating it is found to be exact. E. S. 


The Antipyretic Action of some Derivatives of Dimethyl- 
ohenetidine. Heirrich Rhode {Ber. deut. Pharm. Ges., 1921. 

271 279). — In the dimethylphenetidine series, as in the 

henetidine scries, the acetyl derivative has a much stronger 
antipiTetio action than the other acyl derivatives, but it is never- 
thelei considerably weaker than phenacetin in its fever-reducing 
properties. Although phenetidine is stronger in its action than 
nhenacetin, yet dimethylphenetidine is weaker than phenacetin, 
but it is noteworthy that experiments on rabbits free from fever 
showed a greater reduction in temperature after administration of 
the former than after an equal dose of the latter. Aryldimethyl- 
phenetidines such as the acetylsalieoyl- or p-aminobenzoyl- 
derivatives arc stronger in their action than formyl- or valeryl- 
dimethylphenetidine, but weaker than the acetyl derivative or 
dimethylphenetidine itself. Finally, although phenetidine is a 
stronger febrifuge than phenacetin, yet ethoxydimcthylphenacetin 
is more powerful than diethoxydimethylphenetidine. No logical 
connexion can therefore be traced between the chemical constitution 
and the physiological action of these phenetidine derivatives. 

0, F. M. 


Chemistry of Vegetable Physiology and Agriculture. 


Physiology of Methane Bacteria. E. MtiNZ [Halle Dies., 
1915, 61 pp.; from Bied. Zentr., 1921, 50, m].— Bacterium 
ineilmnicum (Sohngen's Bacillus nielhanicxts) has minimum 18 , 
maximum 40°, optimum 34°. The moat favourable conditions for 
its activity are high methane and low oxygen concentration, the 
optimum oxygen concentration being 2% ; light is without influence 
on the absorption of methane. Under autotrophic conditions, it 
multiplies and produces organic matter. Although other hydro- 
carbons and carbon monoxide cannot be substituted for methane, 
alcohols, carbohydrates, and salts of organic acids giving rise to 
hydrocarbons may be utilised. Nilrogen is utilised both in inorganic 
forms (nitrates and ammonium sails) and in organic forms (peptone, 
leucine, asparagine). The organisms may also live hetertero^ic^Uy, 

The Micro-organisms Producing Acetone. Albert Ber- 
thelot and (Mlle) E. Ossart {Compl. rend., 1921, 173, 792— 
794).— In addition to the anserobic organisms used by Fembach 
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in the manufacture of acetone, there exist, widely distributed ' 
nature, many other organisms, both serobic and facultative anierobe'” 
capable of producing acetone, although to a smaller extent U ’ 
amounts of acetone produced by a given organism vary consideraW 
with the nature of the medium. ty q J' 

Acclimatisation of Yeast to Ammonium Fluoride and 't 
Reversion in Wort. Ellis I. Fulmer (J. Physical Chem Vjl] 
25, 455-^72).— The toxicity of aqueous and aqueous alcoholir 
solutions of ammonium fluoride toward yeast has been investioat ) 
It is shown that alcohol increases the toxicity. In acclimal-’^' 
yeast to ammonium fluoride it is not necessary to commence rith 
low concentrations (Effront’s stepping-up method) ; the cells may 
be planted at once in the more concentrated solutions of fluoride 
and wort and will grow if left long enough. The time elapsing 
between seeding and active fermentation depends on the method 
of preparing the wort, on the character of the individual vea.st 
cells, and on the previous history of the culture. Yeasts acclimatised 
to a given concentration of fluoride by different routes behaie 
differently towards more concentrated fluoride solutions. If the 
logarithm of the interval between seeding and active fermentation 
be plotted against concentration, for various yeasts, acclimatised 
and unaoclimatised, the experimental data faU on straight lines 
radiating from a point corresponding with about 7 — 8 grama of 
ammom'um fluoride per litre. The highest concentration in which 
yeast will grow is about 7 grams per litre. Yeast acchmatised to 
ammonium fluoride is more resistant to phenol than is normal 
yeast. Acclimatised yeast may be grown on fluoride free wort 
agar for twelve days or in fluoride-free wort for one hundred and 
ninety hours without completely reverting to normal. When 
yeast is planted in wort containing ammonium fluoride, a pro- 
portion of the cells die, that is, they will not rejoroduce on fluoride- 
free wort agar. The number of living cells decreases, passes 
through a minimum, which may be less than 1 in 1200 of those 
originally present, and then increases. Selection plays a part in 
the acclimatisation. Measurements of the rate of reproduction ot 
yea.st in wort with and without ammonium fluoride show that the 
cells which are not killed outright undergo a period of paralysis, 
after which they reproduce, giving rise to fluoride resistant cells. 
Adaptation plays a , art in the acclimatisation. The maximum 
value for the duration of paralysis may be calculated from the 
experimental results. J. F. S. 

Catalytic Processes of Physiological Importance Effected 
by Light. Kubt Noack {Zeilach. Bot., 1920, 12, 273—349).— 
The chemical action of light on cells occurs through the agency of 
substances which transform light energy into chemical energy. 
Two groups of such cataly.st3 are recognised : fluorescent organic 
compounds, and salts of certain heavy metals. Both serve as 
carriers of oxygen. From experiments on chromogens and many 
plants the author concludes that the fluorescent organic compounds 
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act by the formation of peroxides. Their action is skipped by 
sodium sulphite. The salts of the heavy metals act by change in 
the valency of the metal. Che.mical Abstracts. 

The Relation of the Hydrogen-ion Concentration of Nutrient 
Solutions to Growtli and Chlorosis of Wheat Plants. A. G, 
.McCall and J. R. Haag {Soil Sci., 1921, 12, 69— 77).— Wheat 
plants were grown for two months on sand cultmes supplied with 
four different nutrient solutions, each of which was modified in 
such a way as to have three distinctly different p,. vaiue.s without 
materially altering the solutions with respect to the concentrations 
of the six essential ions. The rc.sults indicate that hydrogen-ion 
concentration exerted a very marked influence on the rate of 
growth and was also an important factor in the control of chlorosis. 
There was some evidence that tlie plants grown in solutions having 
p,i values ranging from 4-02 to 7-0 were suffering from the lack 
of available iron or from faulty metabolism resnUing from the 
immobility of the iron within the plants. W. G. 

The Relation of Sulphates to Plant Growth and Composi- 
tion. H. G. Millee (J. Agric. Res., 1921, 22, lOi— 110).— Nodule 
production and nitrogen assimilation of legumes were stimulated by 
the addition of sulphates. On the other hand, the supply of 
nitrate available to the plant appeared to limit the amount of 
sulphur assimilated. In the case of rape, no direct rclationsliip 
between nitrogen and sulphur assimilation was observed. [See 
also J. Soe. Chem. bid., 1921, 861a.] .4, G. P. 

Vegetable Assimilation and Respiration. XIV. Assimil- 
ation by Submerged Plants in Dilute Solutions of Bicarbon- 
ates and of Acids : an Improved Bubble-counting Technique. 
A. J. WiLMoiT [Proc. Roy. Soe.., 1921, [8], 92, 304— 327).— Dis- 
turbances in bubbling experiments are eliminated by using a glass 
bubbler and a bubbling cup. By means of this apparatus it is 
shown, (1) that the increased rate of bubbling by submerged 
water plants when placed in acid solution is due k the decom- 
position of calcium carbonate deposited on their surface, (2) that 
the rate of assimilation of carbon dioxide from sodium hydrogen 
carbonate solution corresponds with the calculated concentration 
of carbon dioxide, the conclusion being drawn that plants do not 
possess the power of decomposing sodium hydrogen carbonate. 

E. S. 

First Products of the Chlorophyll Assimilation of Carbon. 
F Rouge (Sclmiz. Apolh. Zeil., 1921, 59, 157—161, 175—178).— 
Ihe history of the problem of carbon dioxide absorption by plants 
IS reviewed. A test for glycollaldehyde consists in the preparation 
of the 'p-nitrophenylhydrazone, reddish-brown needles, m, p. 177° 
(aecomp.), and soluble in alcoholic potassium hydroxide with a 
blue colour. By this method, glycollaldehyde has been identified 
m various green leaves; the method of its formation is considered 
theoretically. Chemical Abstracts. 
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Hemicellulases in Resti^ Seeds and their Supposed 
Occurrence in Higher Animals. August Rippel {Landw 
Versuchs.-Stai., 1921, 97, 179— 193).— It has been suggested tha,( 
the digestion of hemicelluloses by higher animals is due to the 
occurrence of appropriate enzymes in the alimentary tract. Work- 
ing with seeds of Impinus angustif otitis, L., the author shows that 
an intensive autolysis of the water-soluble hemicelluloses takes 
place with formation of sugar ; there is also a further autolysis of 
hemicelluloses which are not immediately soluble in water. The 
enzyme concerned in the reaction is specific and present as such 
is not destroyed by heating at 105°, and is distributed throughout 
the seed. Similar autolytic actions were observed in the ca.se of 
Galium aparine, L., and Asparagus officinalis, L. The occurrence 
of hemicellulases in seeds is a sufficient explanation of the digestion 
of hemicelluloses by animals. G. W. R. 

Incrustive Substance of Plants. I. Method of Preparing 
Plant-tissue Substances in the Pure Condition. I. Eeich 
Schmidt and Erich Graumanx {£er., 1921 , 54, [R], 1880 — 1873).— 
The complete removal of incrustive substances from plants, for 
example, lignin from wood, has only been possible previously by 
the use of reagents which also attack the polysaccharide. It is 
now shown that unchanged carbohydrates, completely free from 
incrustive substance, can be readily prepared by the use of aqueous 
solutions of chlorine dioxide which have no effect on cellulose, 
mercerised cellulose, oxyoellulose, raannan, xylan, starch, and 
fungus-cellulose. The stability of the carbohydrates towards 
chlorine dioxide is confirmed further by the observation that their 
components, dextrose, mannose, galactose, Isevulose, xylose, 
arabinose, maltose, and glucosamine hydrochloride do not react 
with solutions of the gas. The presence of small amounts ol 
incrustive substance is readily detected by the consumption of 
chlorine dioxide, and in consequence of this behaviour it is easily 
possible to estimate quantitatively the percentage of incrustive 
and tissue substance in portions of plants. In this manner pine 
{Pinus silvcslris, L.) is found to contain 63-28% of tissue substance 
and 36-72% of lignin, whereas Willstatter and Zeohmeister found 
only 27-35% of the latter. The consumption of chlorine dioxide 
is small amounting, in the case of pine wood, to 13-50% of the 
weight of the wood. 

With the help of chlorine dioxide it has been found possible to 
establish the pre,sence of polysaccharides in lignin ; the hydrolysis 
of these only becomes po.ssible after the destruction of the com- 
ponents of lignin which are attacked by solutions of the gas. 

The preparation of a saturated aqueous solution of chlorine 
dioxide from potassium chlorate and oxnho acid is described fully, 
as are also the methods of estimating chlorine dioxide in aqueous 
solution. The sensitiveness of the carbohydrates or incrustive 
substance is mea.sured by allowing them to remain in con ac 
with the iV /20- or /3-solution of the gas for a period of twenty-^™ 
hours at the atmospheric temperature (a little acid is adde 
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necessary to overcome possible ' alkalinity of the material) and 
estimation of the concentration of the solution before and after 
this treatment. For the removal of incrustive substance, the wood 
shacdngs are extracted with alcohol-benzene mixture to remove the 
greater part of the resin, finely ground, and again extracted. The 
5ry wood (100 grams) is coveted with J\r/5-chlorine dioxide .solution 
(2-3 litre.s) in a stoppered, brown glass bottle and allowed to 
remain in diffused light and with occasional agitation for about 
twenty-four hours at the atmospheric temperature. The residue 
is filtered and treated successively with water, 2% aqueous sodium 
sulphite solution, and hot water, and the processes are repeated 
until the material is free from incrustive substance (generally 
three to eight times). The preparation of incrustive-free xylan 
and mannan is described in detail ; in each case, it is noticeable 
that the action of sodium hydroxide solution causes changes in 
the respective molecules which lead to the presence of groups 
attackable by chlorine dioxide. H. W. 

Hydrocyanic Acid in Sudan Grass. C. 0, Swanson {J. 
Agric. Ees., 1921, 22, 125 — 138). — Hydrocyanic acid was obtained 
from the leaves of Sudan grass by digesting the macerated material 
(rith water at room temperature for six hours. The free acid does 
not occur in the green plant as such, but is produced by the action 
of enzymes during maceration and also during severe wilting of 
the plant. [See also J. Soc. Chem. Ind., 1921, Bee.] A. G. P. 

Carbohydrates of the Root of the Cat-tail {Typha Intifolia). 
Zalia Jencks {Proc. Soc. Expt. Biol. Med., 1919, 17, 45—46).— 
The root of the cat-tail, recently recommended as a valuable food 
for man, contains 81% of carbohydrates. The most abundant 
carbohydrate of the root gives a blue colour with iodine, forms a 
characteristic paste with hot water, is readily digested (in contrast 
mth inuhn) by saliva, and yields on hydrolysis a dextrorotatory 
solution from which an osazone, identical with glucosazone, was 
prepared. It thus corresponds with starch. The “ flour ” was 
found to contain 56-8% of carbohydrate. Jlice were fed for a week 
on otherwise adequate diets containing 30% of the “ flour ” without 
any evident untoward results. The animals gained in weight on 
the ration. Chemical Absteacts. 

The Influence of certain Fertiliser Salts on the Growth 
and Nitrogen Content of some Legumes. Alexander Mac- 
T.agg.aet {Soil Sci., 1921, 11 , 435 — 455) .--Nitrogen w’as apphed in 
the form of dried blood, phosphorus as disodium hydrogen phosphate, 
potassium as potassium chloride, and sulphur as calcium sulphate, 
and aU the soils received a dressing of calcium carbonate. The 
fertilisers were applied singly and in groups, and the crops were 
lucerne, Canadian field peas, and soja beans. Of aU the four ferti- 
liser elements phosphorus showed the most marked effect whether 
applied singly or with other fertilisers. It increased the dry matter, 
total nitrogen, and, to a lesser extent, the percentage of nitrogen 
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in all three legumes. Nitrogen had very little, if any, beneficial 
effect on the legumes. The action of potassium was not uniform 
on the three crops examined. Sulphur, in the form of gypsum 
benefited to some extent the lucerne crop, but had no effect oti 
the peas or beans. There appeared to be some correlation between 
the plant dry matter produced and subsequent soil nitrification 

W. g’ 

The Effect of Soil Temperature on the Development of 
Nodules on the Roots of certain Legumes. F. R. ,Jo.\es U 
Agric. Res., 1921, 22, 17— 31).— Maximum nodule production occurs 
at about 24“ in all plants examined, and is in no way connected 
with maximum growth of the plant. Usually conditions favourable 
to nodule production bring about high nitrogen content in the 
foliage. A. G. p. 

Influence of Temperature on the Absorbent Properties of 
Soils. Stoquer (Compt. rend., 1921, 173, 731 — 733),— Four 
types of soils were used, 100 grams of the soil being shaken with 
2.50 c.c. of ammonium sulphate solution at the given temperature 
for one hour, and the ammonia remaining in the solution estimated 
by distillation. The temperatures used were 0°, 16°, 35°, and 55°. 
In all oases, the absorption diminished as the temperature increased, 
and with two types of soil there was a negative absorption when a 
0'002% solution of ammonium sulphate was used at temperatures 
above 0°. W. G. 


Concentration and Composition of the Soil Solution, 
F. W. Parker {SoU ScL, 1921, 12, 209— 232).— The author dis- 
cusses the different methods which have been used for obtaining 
the soil solution in an unaltered state. A description is given of 
a displacement method in which ethyl alcohol is used as the dis. 
placing liquid. The constancy of composition of the displaced 
solution was checked by freezing-point determinations which also 
served to indicate the appearance of the displacing liquid in the 
percolate. The concentration of the soil solution was found to 
be inversely proportional to the amount of moisture originallj 
present in the soil. A study of the freezing points of soils con- 
taining varying amounts of moisture showed that the depression 
gives no measure of the concentration of the soil solution at 
ordinary moisture cc: tents. In soils nearly saturated with water, 
freezing-point depressions may give some indication as to the 
concentration of the soil solution. The discrepancies at low 
moisture contents are due to the fact that the water is present 
in the form of capillary films, and not to its removal from the 
role of solvent, as has been assumed by other workers. 

G. W. K. 


Effect of Salt Solutions on the Soil. 0. Noltb [Landw. 
Versuchs.-Stat., 1921, 98, 135-153).-A continuation of earner 
work (A., 1917, i, 621) on the reaction between the swl and sail 
solutions. The^^rcaction of a soluble salt with soil is reflected m i s 
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{'ifect on, tho permeability. Neutral salts and hydrogen ions 
favour flocculation whilst hydroxyl ions favour deflocculation, The 
effect of any salt on soil structure is thus determined by its reaction 
with the soil constituents. The effect of different solutions on soil 
structure was studied in a special apparatus, whereby the rate of 
percolation through a soil column could be followed over long 
periods. The continued passage of distilled water leads to a steady 
decrease in permeability consequent on the washing out of soluble 
salts. The effect of each solution was studied by allowing it to 
percolate for three weeks after a prehminary period of three to four 
weeks in which distilled water was passed through. The percolating 
liquid was collected daily and analysed weekly as a composite sample. 
Xhe results are set out in graphic form and should be consulted in 
the original paper. They are in general agreement with theoretical 
considerations. G, W. R, 

The Reaction of Potassium Ammonium Nitrate with Soil. 
NiKotiAUS Kempi- [Landw. Versuchs.-ShU., 1921, 97, 195—217).— 
The absorption of the ions of salts by the soil was studied, using 
potassium ammonium nitrate (Kaliammoniaksalpeter), a new 
fertiliser prepared from synthetic ammonium nitrate and “40% 
potash salt.” As a preliminary expriment, a sample of the soil 
under experiment was extract^ with water in order to discover 
its content in soluble salts which might bo presumed to take part 
in absorption equilibria. Known weights of the .soil were uniformly 
moistened with known volumes of a solution of the fertiliser and 
after remaining for varying times the soil solution was obtained by 
adding excess of water and filtering. The amount of absorption 
of each ion was determined by estimating the amount in solution 
and subtracting from the amount added, making allowance for the 
water soluble material originally present in the soil. The univalent 
ions, potassium, sodium, and ammonium arc all absorbed to some 
o.xtent by the soil and approximately equivalent amounts of the 
bivalent ions, calcium and magnesium are displaced. While the 
amount of absorption of sodium decreases, the absorption of potass- 
ium and ammonium increases rvith time. The approximate 
equivalence of the univalent ions absorbed with the bivalent ions 
displaced into solution holds throughout. A small absorption of 
nitrate takes place. The absorption of chloride lie,s within the 
limits of experimental error. The behaviour of the sulphate ion 
IS irregular and the amount in solution decreases after long keeping, 
probably owing to the formation of calcium sulphate. Absorption 
IS almost instantaneous, and the further changes above described 
take place slowly. G. W. R. 

Solubility of Anions in Alkali Soils. W. P. Kelley and 
h. M. Mov/s {Soil Sci., 1921, 12 , 261— 285).— The absorption of 
salts by alkah soils has been studied by determining the amount 
of different anions extracted by water under varying conditions 
™ tune of shaking, and ratio of water to soil. Experiments were 
also made in which soils were extracted with successive portions 
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of water. Whilst the amount of total solids extracted increase^ 
with time of shaking, no consistent variation was found in thp 
case of any of the anions, and it is concluded that approximate 
equilibrium is attained at the end of one hour. Variation in the 
ratio of water to soil was without effect on the amount of chloride 
and nitrate extracted. In the case of carbonate and hydrogen 
carbonate, however, two of the three soils studied gave up increasing 
amounts with larger volumes of extracting water. A sUght increase 
in the amount of sulphate extracted was also observed with increase 
of the ratio of water to soil. In the case of chloride, nitrate, and 
sulphate, a very large proportion of the total amount was extracted 
by the first treatment with water ; in the case of the\normal and 
hydrogen carbonate, however, greater amounts were dissolved by 
the second extraction. The conclusion is drawn that alkafine salts 
are either adsorbed or held in loose combination to a greater 
degree than neutral salts. G. W. R. 

The ESect of Organic Matter on Soil Reaction. R, j.; 
Stephensok (Soil Sci., 1921, 12, 14i3 — 162). — A study is made ot 
the effect of ploughing in crop residues, etc., on the soil reaction. 
In general, the lime requirement of the soil (Tacke method) is re- 
duced by this treatment until nitrification begins. DeterminatioM 
of the H-ion concentration show that true acidity also is decreased. 
Highly organic and clay soils show a marked capacity for buffering, 
a property which is considerably limited in sands. Sulphuric acid 
and physiologically acid salts tend to raise the H-ion concentration, 
but citric acid does not. Ammonium sulphate causes a greater 
increase in acidity than docs its nitrogen equivalent in altamin; 
but less than the equivalent in mixed nitric and sulphuric acids. 
A value of Ph= 8 seems to be about the hmit of alkalinity produced 
by limestone. [See also J. Soc. Chan. Ind., 1921, 8C0a.] A. G. P, 

Soil Acidity and Bacterial Activity. E. E. Stephexsos 
(Soil Sci,, 1921, 12, 79 — 132). — The work described is a continuation 
of that in a former paper [ibid., 1918, 6, 413 — 439], and deals mtli 
the effects on soil reaction and bacterial activity in soils of varioiif 
organic nitrogenous manures, both in the presence and absence of 
lime. The lime requirement was in no case increased by orgaiic 
treatment, except during the rapid production of nitrates. Lime 
stimulates nitrificati m, whereas ammonification was greater in 
unlimed soils. The latter is due to the loyver activity of nitrifying 
organisms in this case. The total ammonia plus nitrates is greater 
in unlimed than in limed soil treated with organic material. Dung 
and timothy hay reduced ammonification and nitrification below 
that of untreated soil. Green manures were more rapidly attacked 
than dried material. 

In practically all cases unhmed soils had a greater non-protem 
nitrogen content than the limed. Generally speaking, the essential 
soil organisms are active in soils of at least moderate acidity. 
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Refractive Indices of Mercury and Thallium Vapours 

J. C. McLbman {Proe. Roy. Soc., 1921, [J], 100 , 191— 200) —The 
refractive indices of mercury and thallium vapour have been 
determined for a number of wave-lengths both by the prism method 
and the interferometer method. A method is described by which 
interferometer tubes and hollow prisms of clear fused quartz 
free from distortion and all trace of devitrification, can be made’ 
Tliese instruments were employed in the present experiments and 
found to yield satisfactory results. The di.spersion curve for non- 
luminous thallium vapour indicates the existence of anomalous 
dispersion at the wave-lengths XX53;iO-65 and 6000 A.U, The 
following values of the refractive index were obtained: mercury 
vapour at normal pressure and temperature by the interfero- 
meter method, X4860, p,, 1-000949; >.5132, 1-000943: X6110 

p, 1-000924 ; X 6230, p,, 1-000882 ; prism method, X 4358-5 g’ 
P 5 I-OOO 942 ; X 5460-97, 1-000902; X 5780, p„ 1-000891 ; X6234-3l’ 

p, 1-000860: thallium vapour at 540°, X 4358-56; p 1-(HXI229 
X4861-49, p 1-000110 ; X 54^-97, p 1-000293; X 5769-45, p l-0002’2 • 
X6790-49, p 1-000144; X5893, 1-000165; X6234-31, p 1-000309- 
^6o63'04, [X 1'000142. J. F S * 

Hydrogen Spectra from Long Vacuum Tubes. R W 
Wood (Phil. Mag., 1921, [vi], 42 , 729- -745; cf. A., 1920, ii, 569).— 
A continuation of previous work (loc. oil.). It is shown that in a 
tube of great length (190 cm.), containing hydrogen with a suitable 
trace of water-vapour, the centre of the tube exhibits the Ealmer 
series with the secondary spectrum reduced to 1 /.iO of its usual 
intensity. The ends of the tube (to a distance of about 40 cm. 
from the electrode bulbs) show the secondary spectrum strongly 
developed in addition to the Balmer series. The phenomena are 
of the same nature with a continuous current of high potential 
as with an alternating current; that is, the .secondary spectrum 
develops at both the anode and cathode. With the tube in this 
condition, the central portion shows a bright flash of the secondary 
spectrum on closing the switch ; the duration of this flash is about 
l/oO sec. ; on opening the switch the gas recovers its initial condition 
in about 1/5 sec. and shows the Hash again on closing the switch, 
tie secondary spectrum is attributed to molecular hydrogen b-y 
Merton, Stark, and others. The first rush of the current appears 
to break down the molecular hydrogen with the emission of a flash, 
leaving only atomic hydrogen in the centre of the tube (which 
Sves the Balmer lines). On stopping the current, molecular 
'lyurogen is reformed in about 1/5 sec. The breakdown, however, 
requires the presence of a trace of water-vapour. A very weak 
'urrent produces a fairly strong secondary spectrum in the centre 

TOL, cxx, ii. 25 
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of the tube with the Balmer lines weak or absent. Increase 
current weakens the secondary spectrum, which passes throuol ° 
minimum of intensity as the current becomes stronger and at 6** 
same time the Balmer lines increase in intensity. This is probihB 
explained by the fact that molecular hydrogen is reformed ’■ 
rapidly a.s it is broken down by a weak current. As the current 
strength increases the proportion of atomic hydrogen becom™ 
greater with weakening of the secondary spectrum and augme'* 
tation of the Balmer lines. This, however, does not go on indeflnitef 
for with a further increase of current beyond a definite value hot!’ 
spectra increase in intensity at about the same rate. In any cas 
the percentage of molecular liydrogen cannot be reduced beloiy a 
certain minimum value. With dry hydrogen and the tube thoroughlv 
free from water-vapour, the Balmer lines disappear entirely from 
the entire tube (with the exception of a faint trace of H.) J,, 
this stage, a strong group of lines appears in the ultra-violet between 
the 4th and 5th Balmer lines. When the tube is in this, the white 
stage, operation with condenser discharges gives a red discharge 
which shows strongly develoiied Balmer lines, indicating that 
momentary currents of several thousand amperes arc able to 
break up molecular hydrogen even in the absence of water-vapour 

J. F. S. ’ 

Structure of the Balmer Series Lines of Hydrogen. J, C, 

McLennan and 1’. Lowe {Proc. Roy. Soc., 1921, [A], 100, 21/- 
226). — The structure of the Balmer series of hydrogen lines has 
been examined, using a long discharge tube of the type recently 
introduced by Wood (A., 1920, ii, 569). The following doublet 
separations were found for the first four members of the Balmer 
series, Ha=^0'154 A.U., Hu— 0'085 A.U., H,— 0-062 A.U., and Hi= 
0-049 A.U. When these separations are plotted against the .squares 
of the corresponding wave-lengths they are shown to lie on a curve 
which points to the vani.shing of the doublet separation at the 
short wave-length limit of the Balmer series. The lines H„ Hj, 
Hy, and Hj have been shown to consist of triplets when the electric 
discharge takes place in hydrogen containing a trace of nitrogen. 
Bxperiiuents made to decide whether the third members of the 
triplets liad their origin in the radiations emitted by nitrogfii 
atoms or in a modification produced by the nitrogen in the radia- 
tions emitted by the atoms of hydrogen were nut decisive, 

J. F, S. 

The Balmer Series of Hydrogen, and the Quantum Theory 
of Line Spectra. Raymond T. Biroe {Physical Rev., 1921, H, 
689 — 607). — To make as accurate a comparison as possible botween 
the best experimental results for the Balmer series of hydrogen 
and the theoretical results to be expected according to the latest 
developments of the quantum theory of line spectra, the experi- 
mental data are reviewed and the quantum theory of line spectra, 
a.s applied to the Balmer series, is summarised historically. Tht 
fine structure of H. (J.=6563A) consists of six lines, two of whirli 
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are relatively intense, and the author shows that Morton’s measure- 
ments (A., 1920, ii, 457) ol the separation, half -width and relative 
intensities of the H. and doublets accord with values derived 
from the recent Bohr-Kramers developments of the quantum 
theory, if a general field of 100 volts per cm. is assumed. A dis- 
cussion of spectral formulae for the Balmer series indicates (1) that 
the Rydberg number is not constant for different lines, (2) that 
this discrepancy between observed and computed results is some- 
what reduced by the application of relativity mechanics, and (3) 
that the discrepancy is obliterated when account is taken of the 
fine structure of the lines. The Rydberg constant, for hydrogen 
is then calculated to be 106,977-7i0-2 and the Rydberg spectral 
series constant for a nucleus of infinite, mass is computed to be 
109,736iO'2. A discussion of observations in mixtures of hydrogen 
and helium made by Merton and Nicholson {A., 11120, ii, 69) at 
relatively high pressures concludes the paper. The well known 
neutral effect of helium on neighbouring electrons together with 
the Maxwellian distribution of volocitie.s, .separations, etc., is quite 
sufficient to account for the experimental results thus far obtained. 

Chemical Abstracts. 

Temperature and Band Spectra. W. Stbubing (Fhjsikal. 
Zeitsel; 1921, 22 , 507 — oil). — The band spectrum of iodine vapour 
has been examined in the positive column of a discharge tube at 
a series of temperatures. The light of the positive column presents 
at ordinary external temperatures a ycllowish-grccn colour, but 
as the temperature is raised this passes into a bluish-violet colour. 
Spectroscopically, it is found that as the temperature is raised the 
band spectrum dimtnishc.s in intensity, at first in the green and 
then giadually right across the .spectrum to the orange, which is 
observed at 450°, the limit of the experiment. At the same time, 
the intensity of the continuous spectrum increases, so that it 
becomes responsible for llie bluish-violet colour of the positive 
column. The loss of intensity of the band sjiectrum is accom- 
panied by the appearance of a number of lines which become 
more intensive the more the spectrum loses its characteristio band 
appearance. J. F. S. 

Spectrum of Ionised Potassium. J. C. McLesxan {Proc. 
Roy. Soc., 1921, [A], 100 , 182—190). — The author has photographed 
the “ ground spectrum ” of potassium, using electrodele.ss tubes in 
which to excite the vapour. The wave-lengths obtained contain 
the values of 150 lines which were not found by Scliillinger (A., 
1910, ii, 369), for which an accuracy of 0-5 A.U. is claimed. In 
photographing the spectrum with a vacuum spectrograph, wave- 
lengths were recorded at XX 1742-2, 1493-4, 1395-4, 1199-7, 1135-0, 
and 1085-3 A.U. ; of these the first may possibly belong to potass- 
ium, The remaining five were also found in the helium .spectrum, 
and may be due to atoms of mercury from diffusion from the pump. 
The wave-lengths of the enhanced spectrum of potassium, from the 
point of view of numbers and intensity, fall roughly into two divisions 

25—2 
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with a certain amount of overlapping. In one divigioa^ the 
“ optical ’’ or “ spectral " centre of gravity is approximately jj 
X=3800 A.U., and in the other it is in the neighbourhood of x- 
2100 A.U. This suggests a similarity with the ordinary and en. 
haneed spectra of argon, the one with its centre of gravity at 3800 
A.U. corresponding with the red spectrum of argon, and the other 
to the blue spectrum of this element. J. F. S. 

The Electrodeless Discharge in Sodium Vapour. Jons 
K. Robertson {Nature, 1921, 107, 269). — A brilliant electrodcless 
discharge i.s ‘obtained at a temperature of about 300° when a 
primary Tesla coil is placed about a highly exhausted^ pyrex bulh 
containing metalUc sodium, and the whole enclosed in an oven. 
In addition to the D-hnes, doublets at 6162 (and 6158), 5688 (and 
5683), 4667, and 4497 may be observed, as well as faint probable 
doublets at 51.53, 4980, and 4572. A. A. E. 

Emission and Adsorption Spectra of Mercury. J, c, 
McLennan and W. W. Shaver {Proc. Roy. Soc., 1921, [A], 100, 200- 
217),— Using plates stained with dicyanin, the spectra of a number 
of elements have been photographed in the infra-red region. In 
the case of mercury, the .spectrum wa.s photographed up to 
?. 11137 A.U, By the photographic method, as well as by the nst 
of thalolide cells, it has been shown that non-luminous mcrcur)’ 
vapour does not absorb radiation of the wave-length X 10140 A.l;, 
It has been found that slight and scarcely visible deposits of 
mercury vapour markedly absorb radiation of the wave-length 
X=10140 A.U., and this result may possibly afford an explmtion 
of the observations made by Dearie (A., 1916, ii, 590; 1919, ii, 126|. 
By the use of thalohdc cells (Case, Phynkal Rev., 1920, 289) and 
low-intensity mercury arcs, it has been shown that radiation of 
the wave-length xA 10140 A.U. may be strongly absorbedby 
luminous mercury vapour. From the absence of absorption ol 
radiation of wave-length X 10140 A.U. by non-luminous merwy 
vapour, it follows that the atoms of mercury in their ordinary 
state do not possess a resonance potential of 1'20 volts, corresponding 
with X 10140 A.U,, in addition to the well-established one of 49 
volts. coiTesponding with X 2536-72 A.U. J. F. S, 

Revision of Series in the Arc Spectrum of MerciBy. 
Herbert Dingle (Proc. Roy. Soc., 1921, [A], 100, 167 181).— The 
arc spectrum of mercury has been reinvestigated and the lines have 
been grouped in principal, sharp, diffuse, and fundamental srnes ol 
quadruplets, a singlet series, and combination lines. Photegrapns 
and diagrams of the spectrum are included in the paper, t® 
measurements were all made with a quartz Littrow spectrograp 
giving a di,spersion of 7-9 A.U. per ihm. at X 2400 and 12'9 ■ ■ 
at X2800 and the values, given in the international scale, 
claimed to be accurate to 0-03 A.U. or less. J. I- a- 
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Anomalous Zeeman ESect and Series System for Neon 
and Mercury. A, Land^ (Plysikal. Zdtscl., 192 [, 22, 417— 
422). — The results of tho quantum theoretical analysis of the 
terms of the Zeeman lines are collected and put forward as spectral 
combination, polarisation, and intensity rules. The complete 
series systems of neon and mercury are arranged by means of a 
principle of selection, of the nature of 8ommcrfeld's conception 
of the complete doublets and triplets, and from the arrangement, 
Ijy means of the rules devised from previous work, the Zeeman 
type of each series is obtained. The agreement with experimental 
results as to the number, position, and intensity of the Zeeman 
components confirms the relationship, between the type separated 
bv a magnetic field and the multiplication of lines without a field, 
wiiich has been previously deduced on the ba-sis of the quantum 
hypothesis. ,J. F, S. 

The Electronic Structure of the Heavy Atoms and of their 
Spectral Lines. A. Dauvii.i.ier {Compl. rend., 1021, 173, 647— 
649).— The method used in the detailed study of the i-smies of 
uranium (of. this vol., ii, 532) has been extended to gold, platinum, 
iridium, osmium, and tungsten. The variations of certain homo- 
logous rays have been followed and six new rays have been isolated. 
The wave-lengths of the A-rays of the elements tnngstcn to uranium 
are tabulated. \V. G. 

The Normal Orbit of the Electron in the Atom of Mercury. 

A, Teeenin (Nature, 1921, 107, 2(13).— photographic method 
of examining absorption by non-lumiuous mercury vapour up to 
X 11300 A.U. revealed the absence of a marked absorption at 
X 10140, although tho pressure of mercury vapour reached one 
atmosphere. Thus the postulation by Dearie of a .second normal 
orbit in the mercury atom, of w'hich the corresponding ionisation 
and resonance potentials have never been observed, is unnecessary. 

A. A. E. 

Absorption of Light by Electrically Luminescent Mercury 
Vapour. E, P. Metcalfe and B. Venkatesachar (Proe. Eo;/. 
Soc., 1921, [.4], 100, 149 — 166). — Experiments are described in 
which mercury vapour at low pressures, rendered luminous by 
the passage of small electric currents, is found to exert powerful 
selective absorption. It is found that, of the series lines, those 
belonging to the first and second subordinate series of triplets 
exhibit heavy absorption. The following lines are absorbed : 
).X (5461, 4359, 4047), 3342, (3663, 3132, 2967), 5289, 5295, 5308, 
3655, 3850, 3126 A.U. Photometric observations are recorded on 
the absorption and emission of X 5461 A.U. by columns of mercury- 
vapour of different lengths and carrying different currents. The 
relation between tho ratio (emission, /absorption) and the current 
density is found to be linear The applicability of the Stexvart- 
Kirchhoff law to bright line radiation is discussed, and it is shown 
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that the complexity of a line may have a great influence on 
its absorption. The lines 5401 A.U. and 4359 A.U. have been 
reversed, so as to appear as dark lines on the white light spectrum 
of a earhoii arc and the sun. The reversal of 5461 A.U. has been 
■studied in detail with a Fabry and Perot ctalon and with an echelon 
spectroscope. 1*- S. 

Permanganate Absorption Spectrum : Claim for Priority : 
Formula for Calculatii^ the Uranium Spectrum. Jumj 
Moie (Trails. Itoi/. Soc. Sth. Africa, 1921, 10, 33 34). — The 
author claims priority for a formula giving the wave-lengths of 
the bands of permanganates (A., 1920, ii, 573) over AdinoUi (A,, 
1920, ii, 721). The fonunte put forward by the two authors differ 
iirfo’rm’, but reduce to the same expression. From the formula 
for the ’absorption spectrum of uranyl salts, 7i=l/X=2113+66.Y, 
where A=0, 1, 2, 3, or 4 (loc. cU.), it is now shown that the bands 
of nomionised’ solid salts may he calculated. Thus the hands of 
autunite arc given by dividing the figures calculated by the above 
formula hy the sixth root of the ratio of the molecular weight of 
the salt to that of UO.t^ . In this case the observed bands are 
XX 1945 2000, 2062, 2128, and 2190, w hilst the ba nds calculated 
by the formula )(=l/X=(2113+66A)/'v914/2x270=1937-b60’oA 
arc XX 1937, 1997, 2058, 2118, and 2179. J. F. S. 

Two Peculiar Luminescence [Phenomena]. Chb. Wkthek 
[Zeilsch. Kiss. Pholochcm., 1921, 21, 43-65).- On illumitiatinj 
certain preparations of zinc oxide with ultra-violet rays, a lumin. 
escence is displayed which slowly increases in intensity to a maximmii, 
and on removing the exciting rays immediately disappears, but i 
dark fadinv period must be present. A weak and transient 
nhosphoresceiice is shown at the same time. Several liquids 
when mixed with this variety of zinc oxide display marked con. 
stitutive actions on the intensity of the luminescence. l\h™ 
ootassiura iodide is moistened with 2 — oA -hydrochloric acid, it 
emits a luminescence which lasts for about one second and may le 
photographed. The wave-length of the luminescence waves lifs 
in the region 300-313 gp. A similar effect may be produced Iq 
partly substituting for hydrochloric acid potassium chlornir, 
bromide or iodide, or ethyl alcohol. The optimum mixtures li^ 
been determined in each case. Potassium iodide bccouies at m 
more active by the absorption of water-vapour and then auci 
weaker The optimum elfcet is observed with a vapour pr''®”'-' " 
water of 14-6 mm. at 25“. Tuactive preparations are rento 
feebly active by absorption of moisture. The phenomenon n 
probabihty depends on a crystallo-liiminesceiice broughybouM 
the potassium chloride. 

Decomposition of Hydrogen Peroxide in yi*’’ 

Gertrud Kornfeld {Zeitsch. wm. P/mtocAcm 1921. ^ 

Earlier measurements of the decomposition 

ultra-violet Ught have shown that the Einstein equivalent law 
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not hold these cases, and further that the velocity of the process 
15 dependent only on the quantity of light absorbed, and not on 
the concentration of the solution. The present work ha.s as its 
object the investigation of the above-mentioned points. A scries 
of measurements with non-hoinogeneou.s light of unknown wavc- 
Icnf'th was first made and found to be in keeping with the earlier 
wo?k, since the velocity of the change Ls .strongly reduced by small 
additions of acid or alkali. It was also found that a slight depend- 
ence of the reaction velocity on the concentration of the peroxide 
exists. The later experiments were made with light of wave- 
length 305 — 316 /ip, and in each case (he absorption was determined 
exactly. It ia found that with increa.sing dilution the velocity is 
increasingly dependent on the concentration; the addition of acid 
also causes a diminution of the velocity which depends on the 
amount of acid added. That Einstein’s equivalent law does not 
hold was confirmed, and it is shown that in (he most favourable 
case i hv brings about the decomposition of eighty molecules. 
Assumptions are made as to the mechanism of the process, and 
these lead to calculated results which agree with the experimental 
results. J. F. S. 

Artificial Disintegration of Light Elements. (Sir) E.Rl-ttii!!;- 
ford and J. Chadwick {Phil. Mag., 1931, [vi], 42, 809—825).— 
In previous papers (A., 1919, ii, 250 — 261; 1920, ii, 541) it was 
shown that when «-particIcs were pa.ssed through nitrogen, posi- 
tively charged hydrogen atoms were liberated at high velocities, 
but an uncertainty remained a.s to (he range of the hydrogen 
particle. With a new and improved microscope, the authors 
have now been able to show that the hydrogen particles emitted 
from niirogen have a maximum range of 40 cm. of air, whereas 
the hydrogen particles from gaseous hydrogen or hydrogen com- 
pounds have a maximum range of 29 cm. of air, both being 
produced by a-particles from Radium-C of range 7 cm. of air. 
This proves definitely that the charged hydrogen particles do 
not come from either ga.scou8 hydrogen or hydrogen compounds 
present as impurity in the nitrogen. The elements lithium, glucinum, 
boron, carbon, nitrogen, oxygen, fluorine, sodium, magnesium, 
aluminium, silicon, phosphorus, and sulphur or a suitable com- 
pound have been treated with a-ra}'8 from a quantity of Radium-C 
equivalent to 20 mg. of radium at a distance of 3-o cm. from the 
zinc sulphide screen. The number of scintillations jier minute 
per mg. activity of the source has been determined at an absorption 
of 32 cm. of air. It is found that boron, nitrogen, fluorine, sodium, 
aluminium, and phosphorus give off charged liydrogen atoms with 
ranges in cm. of air, of m. 45, 40, ca. 40, ca. 42, 90, and ca. 65 cm. 
respectively. Chlorine, calcium, titanium, manganese, iron, copper, 
tin, silver, and gold give no particles of a greater range than 32 cm. 
of air, but no investigation has been made for particles of a range 
less than 32 cm. of air. In the case of nitrogen, it is shown that 
the number of particles emitted increases rapidly with the velocity 
of the ct-partioles. In the ease of aluminium, it is found that the 
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direction of escape of the particles is to a large extent independent 
of the direction of the impinging a-particles, nearly as many being 
expelled in the backward as in the forward direction. The - 
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range 


of the backward particles is less than that of the forward particles ; 
for example, with a-particles of range 7-0 cm. of air, the maximum 
range is 67 cm. of air for the backward particles but 90 cm, for 
the forward particles. It is shown that only those elements with 
an atomic mass of 4ttT2 or 4n+3, where n is a whole number, 
give rise to hydrogen atoms. This result is explicable on the 
hypothesis that these elements are built up from helium and hydrogen 
nuclei. To account for the liberation of a hydrogen atom at high 
speed, it is necessary to suppose that the hytogen nuclei arc 
satellites of the main nucleus. In a close collision, the a-particlc 
is able to give sufficient energy to the satelUte to cause its escape 
at high speed from the central nucleus. The velocity of escape of 
the hydrogen atom does not seem to be very closely connected 
with the nuclear charge of the disintegrated element, for the range 
of the hydrogen atoms from boron (charge 5) is greater than that 
for nitrogen (charge 7), whilst the range of the hydrogen atom 
from aluminium (13) is greater than that from phosphorus (14). 
The above hypothesis assumes that positively charged substances 
attract one another at the very small distances involved. Such 
attractive forces must exist to hold the ordinary composite nucleus 
in ec[uilibrium, and it seems likely that these attractive forces 
will extend some distance from the nucleus. If this view is correct, 
the forces on the «-particle are initially repulsive, but change sign 
very near the nucleus. Hydrogen atoms do not appear to be 
liberated from aluminium by a-partioles of less range than 5 cm. 
This and the increased number liberated by an increase in tlie 
velocity of the a-particle shows that the “ disruption ” potential 
of the nucleus by an a-particle, that is, the potential difference 
required to communicate the same energy to an electron as is 
possessed by the a-partidc. is of the order of six million volts tor 
aluminium. , J- 

Production of Radiation and Ionisation by Electron Bom- 
bardment in Pure and in Impure Helium. Prank Hortov 
and Ann C.athekinp, Davies {Phil. Mag., 1921, [vij, 42, 746— 
773 ). — An outline of the development of ideas concerning the 
arrangement of the two electrons in the helium atom is gi'cit 
starting with the authoi’. determination of the minimum racliatiori 
voltage and the minimum ionisation voltage for noraal helium 
(A. 1919, ii, 210). In this connexion, the theoretical deductions 
of Bohr, Franck, and Beiche (A., 1920, ii, 656), Landc (A., 1. , 
ii, 309), and Kemble (this vol., ii, 478) are discussed and the expern 
mental work of Compton (A., 1920, ii, 725) and of Franck and 
Knipping (A., 1920, ii, 72) is considered and criticised. J^ecause 
of the divergence in the results of the various investiga 
authors’ former conclusions have been re-investigated, in a speci 
designed apparatus, over a wider range of pressures than “8“ ■ 

The new experiments show that in pure helium radiation i p 
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by the impacts of electrons with 20-4 volts energy, in confirmation 
of the authors’ earlier conclusions, but in disagreement with the 
most recent conclusions of Franck and Knipping. A second type 
of radiation is produced at 21-2 volts, in agreement W'ith Franck 
and Knipping. The 21'2 volt radiation ionises abnormal helium 
produced by 20-4 volts electron impacts, and with a relatively high 
(rag pressure the detected effects of ionisation may swamp those 
of radiation. This result jprovides an explanation of the ionisation 
of helium by electrons having less than the normal ionising velocity, 
which is essentially different from that offered by Compton. Both 
types of radiation can be absorbed and subsequently re-emitted by 
normal helium atoms, so that they are paased from atom to atom 
throughout a volume of the gas. For velocities below the normal 
ionising velocity, the amount of ionisation produced as the result 
of electron impacts on abnormal helium atoms, under the experi- 
mental conditions, is small in comparison with that resulting 
from the ionising action of the 21-2 volts radiation. The possi- 
bility of the presence of a small quantity of impurity in the helium 
faoihtating the production of radiation at 20'4 volts has been 
investigated, but no evidence that impurity acts in this way has 
been obtained. It is concluded that the significance of the experi- 
mental results in connexion with theories of the arrangement of 
the two electrons in the normal helium atom lies in the fact that 
they indicate that the limitations of the selection principle arc 
not applicable to the fundamental displacements of the outer 
electron of the helium atom. J. F. S. 

J-Radiation. J. A. Crowther {Phil. Mag., 1021, [vi], 42, 
719—728). — The author has investigated the relative absorbability 
of the primary and secondary A-radiations from an aluminium 
radiator. It is shown that the ratio of the secondary radiation to 
primary radiation steadily diminishes as the thickness of the 
absorbing screens is increased. This indicates that the secondary 
radiation is distinctly more absorbable than the primary. The 
rnefficients of ' absorption of primary and secondary fluorescent 
radiations in aluminium have been determined for the radiators 
paraffin wax, aluminium, and copper. The author shows that the 
J-radiation, unlike the JC-raeliation, consists, not of a group of 
lines of approximately the same wave-length, but of a considerable 
miinber of lines comparatively widely spaced in the .spectrum. 
The d-radiations from elements of low atomic number are very 
weak compared with the K-radiations. In the case of copper, 
the intensity of the hard, fluorescent radiation is about 1 /30 of that 
of the characteristic radiation from the radiator. This indicates 
that these hard, fluorescent ladiations are not easily excited. To 
excite any given line of the series it is probably necessary that the 
wave-length of the primary radiation should not be much shorter 
than that of the line to be excited. The hard secondary radiations 
produced from aluminium, copper, and paraffin wax probably 
correspond with different lines in the J -spectrum of the elements. 

J. F. S. 

25* 
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Explanation of RSntgen Spectra and the Constitution oi 
the Atom. L. Vegard {Physilcal. Zeitsch., 1921, 22, 271-.274), 
Adolf Smekal {ibid., 400 — 402). — Polemical, _ In the first pappj 
Vegard replies to Smekal’s criticism (A., 1920, ii, 654) of his theories 
on Rontgen spectra and the constitution of the atom (A., 
ii 129) In the second paper Smekal maintains his earlier position 
’ J. F. S 


Wave-length of X-Rays. Ralph W. G. Wyckoff (J. jPosi 
ington Acad. Sci., 1921, 11, 366— 373).— A theoietical paper in 
which it is .shown that with the existing knowledge it is impossible 
to determine definitely the structure of any crystal in advance of 
a knowledge of the wave-length of A-rays. Viewed from this 
position alone, the problem of the length of X-ray waves and 
of the structures of crystals becomes indeterminate. If the case 
of sodium chloride bo taken as typical, it k sliown that there are 
other structures, beside the commonly-accepted “ sodium chloride 
arrangement,'^ which arc in agreement with the present cxiwi- 
raentS data. As a result of this lack of defimteness, it is empha- 
sised that it is more logical to consider the value of the wave-lengths 
of X-rays as based on the quantum hypothesis. J. F. S. 


The Mass Absorption and Mass Scattering Coefficients 
for Homogeneous -Y-Rays of Wave-length between 013 and 
1-05 Angstrdm Units in Water, Lithium, Carbon, Nitrogen, 
Oxyeen Aluminiuni, and Iron, C. W. Hewlett {Physical 
Ac/ 1921, 17, 284— 301).— The presentation of new experimental 
work is preceded by a discussion of the current views of the median. 
ism of absorption and scattering. The total absorption coefficient 
of homogeneous X-rays, obtained by means of a Bragg spectro- 
meter was measured for the ' above-named materials at various 
wave-lengths The toUl mass absorption coefficient was found 
to be proportional to the cube of the wave-length over certain 
regions, but in all cases whore the above range was entirely 
covered, the constant of proportionality differed for different 
ranges of wave-length. The case of hydrogen seems to be an 
exception as its total nia-ss coefficient was found proportional to 
the 9/2 power of the wave-length. This, however, was obteined 
bv combining the results from water and liquid oxygen lA 
cLtant with which the cube of the wave-length j* 
to give the true mass r bsorption coefficient is found to be apF ; 
atelv proportional to the cube of the atomic number of the absoibm 
element, except for lithium, indicating that ^ ipon 

hold for that element. The true mass absorption 
is apparently not proportional to the cube of t**® 

0-70 and 1-05 A.U. For other elements with wave-leng 
than 0-20 A.U., these coefficients are .smaller than is to e expe 
from theory if the electron has a diameter of the “‘i®® , . , jj, j 
The lack of this decrease in the coefficients of 
^hrinki*iyp in the diameter of the electrons in the atonis ^ • j 
ofatlX packing of the eleetmns. The mass scattering coeffic«l 
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of all the materials studied is less than that giv^n by Thomson's 
theory. For hydrogen it is approximately twice that for other 
elements, which is further evidence that hydrogen has twice as 
many scattering electrons per unit of mass as other elements. For 
iron this coefficient apparently increases for wave-lengths longer 
than 0-70 A.U. Chemical Abstracts, 

A Radioactive Quantity requiring a Name, N, Ernest 
DoMEY (•/■ Washington Acad. Nci., 1021, 11, 381 — 386). — The 
author puts forward reasons for introducing a new radioactive 
quantity. The main reason is to avoid the use of long sentences 
in e.xpressing the quantity of a railioaetive substance used, such 
as '■ Radium-C corresponding with 1 gram radium." The quantity 
which the author terms “ r ” is that amount of the material which 
irill produce transformed atoms at the same rate, as transformed 
atoms are produced by 1 gram of radium. The author proposes 
that either the present definition of tlie curie be modified to meet 
the case, or a new unit, termed the ritlherford, be introduced. 

J. F. S. 

Application of Anode Rays to the Investigation of Isotopes. 
6, P. Thomson (Phil. Mag., 1921, [vi], 42, 8.57—867; cf. Proc. 
Camb. Phil. Sac., xx, 210).— Photographs have been obtained for 
anode rays showing parabolas corresponding with singly charged 
atoms of lithium, glucinuni, sodium, potassium, calcium, and 
strontium. Lithium is a mixture of isotopes of atomic weights 
^ and 7. The proportions in which these appear in the rays are 

E ot constant, there being a tendency for the line at 6 to be some- 
imes considerably stronger than would be expected from the 
tomic wciglit. Glueinum is apparently single, atomic weight 9. 
1 there is an isotope at 10 or 1 1 , it is present in extremely small 
)roportion. The remaining elements could not be resolved with 
he apparatus u.sed, but calcium mu.st eon.si.st of atom.s of weight 
iqual to those of either |M>ta.ssiuin or argon, that ts, a so-called 
'isobar,” No trace wa,s found of doubly-charged metallio atoms 
ir of atoms with a negative charge, ft seems probable that the 
ofchanisiu of the anode rays is more analogous to spluttering 
han to electrolysis. • J. F. S. 

Branching Relationship for Ra-C, Ac-C, Th-C, and the Dis- 
ategratiou Constant of the C" Products. Eleonoke Albrecht 
"km. Zentr., 1921, iii, 516; from Silzungsber. K. Akad. 
lien, 1919, [2a], 128, 925 — 944). — Making use of Mansden and 
•arwin's (A,, 1912, ii, 824) relationship Th-C" : Th-C-=0'35, the 
uthor has determined the corresponding branch relationship for 
e-C and Ra-6'. The C' prixluels were obtained by the recoil 
lethod from very active 0 produeta. l^rom the electrometric 
leasurements, the half life (T) has been calculated and the follow- 
ig values have been obtained, Ac-C, T=4.76 min., Th-C", T=3’20 
in., and Ra-C", J'=1.32 min. The C" products were collected on 
negatively charged brass disk, which was placed above and very 
use to another plate containing the C products. A residual 
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activity, which is due to a contamination of the C plates tv 
Ac(B H-C), Th(B+C), or Ra-C respectively, is estimated and broavk 
into the calculations, so that a pure disintegration curve of the C' 
product is obtained. The branching relationship, Ao-C' : Ac-C is 
calculated from the ionising relationship of C" : C, on the assumptioa 
that in the appropriate equations one pair of proportionality factor 
varies as the ionising action of the a-partioles of Ac-0 and Th-p 
whilst the second pair varies as the absorption coefficients of the 
p rays of Ac-C’ and Th-C". The relationships found are Ac-C' • Ac f' 
=99-84 and Ra-C” : Ra-C=0-00(H. J. F. S. " 

Nomenclature of the Radioactive Families. M. C. {fir 
BURGER {Physikal. Zeilsch., 1921, 22, 247 — 248). — The author 
proposes a modified nomenclature for the radioactive families- 
this includes the terms, principal family, root family, and branch 
family. The principal families are the uranium and tlioriuii 
families, and include the whole of the products of disintegration of 
these elements respectively. The root family, and there is only 
one, is that portion of the uranium family before the branching 
into ionium and uranium- T; it consists therefore of the series 
Ui — !>■ U-X[ — > U-Xj— ^U,. There are two branch families, 
namely, ionium — > the final products, and uranium- Y — > the fiiui 
products. J, F, jj. 

States of Iron in Nitric Acid. Josefh Grant Brown (J, 
Physical Chem., 1921, 25, 429 — 454). — The author has measured 
the E.M.F. of cells of tlie type I'elHNOj sobi.llHNOjfcono.jlh, 
in which, the nitric acid varied between d 1-01 and 1-41 and the 
iron electrode was sometimes rotated and sometimes still daiing 
the measurement. The E.M.F. was measured repeatedly from 
the moment of immersion of the electrode until a steady state wai 
obtained. The surface of the electrode in the motionless experi- 
ments was examined microscopically. The results are discuised 
at length and the author is of the opinion that active iron is ferrous, 
that is, it sends ferrous ions into the solution, whilst passive iron is 
ferric. J. F. S, 

The Theory oi the Pile. DfecoMnE {Compt. rend., 1921,173, 
834 — 836). — The author proposes to base the theory of the hydra- 
electric pile on the proposition that the non-compensated heat 
developed in a pile i" action by the chemical reaction proceeding in 
it is equal to the Joule heat, rPdt, which is developed therein by 
virtue of its internal resistance r and of the current i which is 
circulating. This is discussed from a theoretical point 

Potential ol the Thallium Electrode and the Free Energy 
of Formation of Thallous Iodide. Grihnel Jones and 
Cecil Schu.mb {Proc. Amer. Acad. Arts Sci., 1921, 56, 199 — 236 ).- 
Measurements have been made at 25° and 0° of the condne™ J 
and iorusation of thallous nitrate solutions, of the solubility o 
thallous chloride and of thallous iodide, and of the normal poten i 
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of the thallium and the iodine electrodes. From the conductivity 
data the equivalent conductance of the thallium ion was found to 
be 78-36 mhos at 25° and 41-8 mhos at 0°. The equivalent con- 
centrations of the ionised fractions of thallous chloride and thallous 
iodide, calculated from the conductivity of saturated solutions of 
these salts, are. respectively, 0-014094 and 0-00023.5 at 25°, and 
0-006095 and 0-0000587 at 0°. From the potential measurements 
it has been computed that the normal potential of the thallium 
electrode is +0-6188 volt at 25° and -) 0-5885 volt at 0°, and 
that of the iodine electrode —0-3406 volt at 25° and —0-3399 volt 
a,t 0°. From the foregoing results, the following are computed for 
the reaction ; T1 (solid) +0-5 Ij (solid)=Tir (solid) ; free energy of 
formation (+)=li5-79 kj. at 25° and 125-48 kj. at 0°; heat of 
formation (f/)-^122-ll kj. at 25°. Contrary to the assumptions 
of earlier investigators, it has been found that a metallic thallium 
electrode is more negative than a saturated two-pha.se amalgam 
electrode by 2-8 millivolts at 25° and 1-8 millivolts at 0°. 

Che.mical Austrack. 

Electrolysis of Hot Concentrated Sulphuric Acid. Hans 
Hoffmann (Zeilsch. Ekktrochem., 1921, 27, 442- 445). — The 
author has electrolysed concentrated sulphuric acid (98-3%) 
d, 1-841 at a series of high temperatures by current.5 of various 
strengths. It is shown that at 50°, independently of the current 
strength, hydrogen, hydrogen sulphide, and sulphur are produced 
on the cathode, whilst at higher temperatures sulphur dioxide 
and sulphur are produced and in the neighbourhood of 300° only 
sulphur is obtained. Oxygen is liberated from the anode at those 
temperatures. At 200°, the oxygen is mixed with sulphur dioxide, 
oroduoed from sulphur which has diffused from the cathode 
hamber, and has been oxidised by the hot sulphuric acid and 
he nascent oxygen. From 280° upward sulphur dioxide and 
)xygen are liberated in quantities corrc.sponding w-ith Faraday’s 
aw. The gas element SO 2 IO 2 , in consequence of incomplete 
-barging of the electrodes, does not furnish the expected 
ind also the velocity of reaction of the gases is too small for 
he production of large quantities of current. The technical 
possibilities of such a cell are regarded as hopeless. The decom- 
position voltage of hot concentrated sulphuric acid lies near to 
that of water, that is, higher than the calculated and observed 
values of the potential difference of the gas element. From this 
it follows that the primary products of electrolysis are hydrogen 
and oxygen whilst sulphur dioxide is a secondary product. 

J. F. S. 

Structure of Metal Electrolytically deposited on Rotating 
Cathodes. W. E. Hughes {J. Physical Ckem., 1921, 25, 495 — 
309),— A discussion on the structure of metals which have been 
leposited electrolytically on rotating cathodes. It is suggested (1) 
that the polished appearance often observed on the surface of deposits 
formed on rotating cathodes is due to the smallness of the grains 
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composing the deposit, (2) that the smallness of grain is a coiise. 
nuence of the constancy of metal concentration at the cathode 
surface, and (3) that, since mechanical movement can mamtaii, 
a constant metal concentration, rotation of the cathode operate, 
in that way in the cases of deposits formed on rotating cathode, 
and not, as has been suggested, by way of burnishing. J. y. }.; 

of Chlorides on the Decomposition Voltage Curvi 
of Chromic Acid. E. Liebreicii (Zeitsch. Ekklrochm., 1921 
27 4o2— 455).— The thin layers of oxide or hydroxide on the 
cathode which give rise to the periodic phenomena observed during 
the electrolysis of chromic acid are shown to be colloidal in nature; 
the oxide is drawn to the cathode just so long as a negative tendon 
lies on it The addition of chlorides brings about a displacement 
of two curves which make up the decomposition voltage curve ot 
chromic acid. '*■ 


Calculation of the Specific Heat of Gases. II. W. Hek 

IZeiMrh. Ekklrochm-., 1021, 27, 474-475; of. this vol, ii, 299).- 
\ theoretical paper in which the author has deduced four cquation,i 
bv means of which the difference between the two specific heats 
of gases may be calculated. The first of these, 
iTt—T) in which y is the surface tension is deduced from the 
Eotvos rule for non-associated liquids. According to Lorenz 
(A 1016 ii 240), the quotient of the density at the boihng point 
and the critical density is appro.ximately equal to 2'C6 whence 
the second equation, CV-C.-0-75d../</j.O/ is obtained.^ The t ird 
CQuation, C'-i\=cLIMTi, in which c is the boihng-pomt elevation 
constant and L the latent heat of vaporisation is obtained from 
vaii't Hoff's boiUng-point relationship. The fourth equation is 
obtained by combining Eotvos s rule with Oswald anti Datie^ 
equation. n=(l//f.a4 203)/2 

278). This has the form (.;,-C,= (l,'A2„+273)/Jlf7'i., m )'hili 
is the coefficient of expansion at 20“. The values of C,- , 
calculated by each of these equations is compared with the expen- 
mentally determined values ot twelve substances of widely ffiffemg 
character ■ a fair agreement is found m all cases. In the first 
equation, ’ the variations from the accepted 

and -12%, in the second equation between +b/o 
127%: in the thW equation between .f 6% and -21«% an in 

the fourth equation between q 27o *nd 18 /q. 

Fielding’s Formuxa connecting Critic^ 

PrVssurel. J. Newton- Friend (Chem. News, 1921, 1^. 2 
9-j(}\_Xhe author shows that the formula recently put . 

Fieldinn (A 1919. ii, 45) connecting critical temperature 
critical pre^ssure has a theoretical basis and may j, 

the van der Waals equation. The formula has the form i, 
KVp. \-z, in which K and_£^arc constants. The author shows 
the Expression r,=8/E Vxp,/27 is readily “^tainf j “ tffiet 
remains fairly constant, aa is quite where A hi 

elements, the equation may be wntten where A 
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uonstant equal to 8'\/a/ifV27. This expression is the essential 
feature of Fielding’s equation, and since it is not to be expected 
that approximately constant for all the elements, it 

is not surprising that Fielding finds notable exceptions to his 
formula. Hence there is not only a theoretical basis for the 
formula but also an explanation for the exceptions. J. F. S. 

Latent Heat of Vaporisation. J. C. Thompson {Chem. News, 
19-)1 123, 204 — 206). — On the bases of several unusual assumptions, 
the author deduces a formula for calculating the latent heat of 
vaporisation. The formula has the form PlogmF/lO-Sl xH"'’— L, 
in which P is the ratio between the density of a liquid and its 
vapour at the boiling point, and D is the density of the liquid at 
the boiling point compared with water at 4°. The assumptions 
made in the deduction of the formula arc ; (i) molecules do not 
collide but pass sullioiently near to each other for the forces of 
attraction between them to be constantly altering the direction 
of movement. The forces of attraction jirobably consist of ordinary 
gravitational force together with surplus or uiisaturated valency 
force, (ii) molecules arc without size, (iii) a liquid is merely a gas 
under the pressure produced by the attractive force of its molecules, 
(iv) a solid is a hcpiid in which the attractive forces of tlie molecules 
are different in different directions, (v) a crystalline solid is a solid 
in which the major attractive forces arc all acting in one direction, 
and the minor forces in another. The values calculated for the 
latent heat by means of the above formula agree remarkably 
well with the accepted experimental values; thus; water 536-6 
(.536-6), ethyl ether, 87-58 (87-4), bi-nzeiie, 9.5-21 (96-1), and oxygen, 
52-3 (52-0); the accepted values are given in brackets. J. F. S. 


Specific Heat of Vapours. Determination of Specific Heat 
of a Vapour at Constant Pressure, Cp. J. C. Thompson 
(Chem. News, 1921, 123, 220— 221).— A theoretical paper in which 
a method of calculating the specific heat of gases at constant 
pressure is outlined, which, although not theoretically sound, 
yields fairly correct results. The axioms (i), (iii), (iv) in the pre- 
ceding abstract and those following are discussed, (a) The size 
of molecules does not in any way influence the volume occupied 
by a liquid. (6) A crystalline solid is so arranged that equal 
forces always act in the same direction. The growth of a crystal 
from solution is explained on this hypothesis, aa the molecules in 
separating from solution will attach themselves to the small crystal 
80 that the greater forces act on the greater forces. J. F. S. 


Necessity of bringing Concordance into the Thermo- 
chemical Data of Organic Compounds. Wojciech Swientos- 
LAWSKi (reprint from Ro€,zniki Chemji, 1 , 59 — 103). The author 
reviews a large number of thermochemical data of organic com- 
pounds and discusses the experimental basis of the results. He 
maintains that a single organic substance ought to he chosen as 
the standard of thermochemical data; this substance should be 
benzoic acid, the heat of combustion of which should be determined 
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with the greatest precission and the value obtained accepted as 
an international standard. The value ought to be expressed in 
calories and not in absolute units, since it is impossible to deter, 
mine the latter quantity with the necessary precision. Calort 
metric bombs should always be standardised by means of this 
substance, and authors of work in the thermochemistry of organic 
compounds should always state full details of the standardisation 
of the bomb so that recalculation of the results may be possible. 

F. S. 

Divergence between Adiabatic and Ordinary [Thermo- 
chemical] Measurements. W. Swiemtoslawski and Helexa i 
Z oFJA Bbaszkow'SKIE (Rocinihi Chemjiyi, 166 — 170). — The authors 
have carried out thermochcmical measuremeiits under differing 
conditions ; (1) in, an ordinary calorimeter in which the temperature 
of the outer jacket was kept constant ; (2) in an ordinary calorimeter 
in which the evaporation of water was prevented by covering it 
with a layer of a very slightly volatile liquid ; and (3) in an adiabatic 
calorimeter. The results obtained show that the figure obtained 
by the measurement of a constant quantity of heat in an ordinary 
calorimeter differs from the value obtained for the same quantity 
in an adiabatic calorimeter according to the conditions under whic'ti 
the measurement is made. The difference in the two values varies 
between ±0'03% and ±0-40%. J. F. S. 

Substantive Cotton Dyeing. Rudolf Auerbach (Kollmi 
Zcitsch., 1921, 29 , 190—193). — The velocity of diffusion of a number 
of substantive cotton dyes into a 4% gelatin jelly has been deter- 
mined at 20°. The distance to which the dye has diffused uas 
measured after twenty-four, thirty-six, sixty, and eighty-tour Lours 
and comparative measurements were made with O'l, 0‘05, and 
0-01% solutions of the highly-dispensed crystal- violet. It is sbonn 
that dyes which are adsorbed from cold solution, diffuse at an 
average rate of 3-3 mm. per day from 0-1% solutions, whereas 
dyes which are adsorbed from warm solutions under the same 
conditions diffuse at 0-9 ram. per day. Potassium dichromate 
will also dye cotton, but if the dyed material is washed with either 
water or alcohol the dichroinate is all removed, but in washing 
with mixtures of alcohol and w'ater it is found that less dichroinate 
is removed as the alcohol concentration increases up to a maximum 
alcohol concentration of about 63%. after which more dichromate 
may be washed out. ft is suggested that the dispersion of the 
dichromate is at its minimum in the presence of 65% alcohol 

J. r. 

The Empirical Formula of Walden and the Theory oi 
Ghosh. (JIlle) H. Kadlcova (Chtm. Lialy, 1921, 

110). — The values obtained for the empirical constant of Walaen 
(A., 1920, ii, 598—600) D^v as determined by himself and 
those resulting from calculations according to Ghosh s theorv 
(T., 1918, 113 , 449; 1920, 117 , 1390) for different degrees ol 
dissociation, although fn close agreement, are not identical, dim 
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a comparis®” o£ the results of both Walden and Ghosh leads to the 
conclusion that for a definite degree of dissociation the value of 
is a constant, it may also be concluded that an electrostatic 
attraction really exists in solution between electrolytic ions having 
charges in agreement with the charge of ordinary electrons. The 
supposition of Ghosh that strong electrolytes are completely 
(lissMiated especially in concentrated solutions does not seem 
warranted. Chemical Abstracts, 

Bragg's Work and the Law of Definite Proportions. A. 

Quartaroli [GazzfUa, 1921, 51 , ii, 211 — 212). — The author replies 
to Perucca’s criticism (this vol., ii, 493) on his previous paper 
(k., 1920, ii, 602). T. H. P. 

Possible Utilisation of the Diagrams of Diflraction of X-Rays 
for the Complete Determination of the Structure of Quartz. 

Ck. Mauguin (Compt. rend., 1921, 173 , 719 — 721).- A discussion 
of the results obtained by radiograms prepared according to Laue's 
method with a consideration of their use in calculating the value 
of the parameters used by Bragg in his definition of the structure 
of quartz. W . G. 

X-Ray and Infra-red Investigations of the Molecular 
Structure of Liquid Crystals. J. Steph. van der Ihngen {J. 
FrankUn Inel., 1921, 192 , 511 — 514). — A thin pencil of X-rays 
has been passed through a thin layer of p-azoxyanisole and the 
pattern produced examined. In the case of the solid substance 
irregularly placed spots are observed which indicate that the 
crystalline layer is made up of small crystal units of about 1 mm. 
cross-section. On heating until the p-azoxyanisole is plastic and 
again examining the pattern, it is found that a point pattern is 
obtained which gives no indication of the type of the crystal sym- 
metry. On heating further until the anisotropic liquid is obtained, 
a new type of pattern is observed consisting of a series of faint 
horizontal lines, ivhich are about 1 mm. broad for those lines which 
pass through the central spot ; further off they are fainter, thinner, 
and more closely spaced. If this is due to diffraction from parallel 
layers of lamellar molecules, the spacing between the molecules 
must be of the order 40 A.U. The absorption spectra of solid, 
anisotropic liquid, and amorphous liquid fonns of p-azoxyanisole 
and the ethyl ester of p-azoxycinnamic acid have been examined 
for infra-red light. It is shown that in all cases the spectra are 
alike, hence no change has taken place in the linking of the atoms 
in the molecule. If changes in the space lattices be due to changes 
in the molecules of polymorphous substances, then these changes 
are not due to changes in the radicles, but to a spatial rearrangement 
of the component parts of the molecules. J. h'. S. 

The Hydroxyl Ring. H. T. F. Rhodes (Chem,. News, 1921, 
123, 249— 250),— A continuation of the author’s previous work 
on the constitution of crystal hydrates (this vol,, ii, 255), In the 
present paper, the constitution of the molecule of crystalline copper 
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sulphate is considered. The author considers that one molecule 
of water differs from the remaining four, because on treating the 
pentahydrato with ammonia, only four molecules of water are 
replaced by ammonia to form the tetra-amminomonohydrate of 
copper sulphate, whilst treating the penta-aramino derivative with 
water all five ammino-groups are replaced by water. It is shown 
that, with the exception of a few special cases, the hydrates of salts 
may be classed in four types of different constitution. J, p. g 

Is there Redissolution of Sodium Chloride in the Presence 
of a Non -congruent Solution submitted to Evaporation? 

C. R.aveau {Compl. rend., 1921, 173, 772 ; cf. this vol., ii, 31, 386). — 
A further reply to Rengade (cf. this vol., ii, 93). W. G. 

Ionic Synergism. I. Experiments with Congo-rubin. 

L. Micraelts and C. TiMfeNEZ-Duz {Kolloid Zeitsch., 1921, 29, 

184 190). — It is shown that in all the work on the influence of 

ions on the condition of colloids the influence of the ions of the 
solvent has been disregarded. K.xperiments have been carricil 
out on solutions of congo-rubiii to ascertain the influence of a 
number of sodium and potassium salts in the presence of known 
concentrations of hydrogen ions. It is shown that each individual 
type of kation has an action of characteristic strength on the 
condition of a colloid, which may bo experimentally determined 
for the hydrogen ion, but can only be determined for the sodium 
or polaasthira ion by extrapolation for an infinitely small hydrogen- 
ion cciireentration of the solvent. The hydrogen and sodium or 
potassium ions in mixtures do not influence the activity according 
to an additive law, but rather according to the law that all combina- 
tions of these ions have the same action for which (log hjh) . {logtj/i)= 
constant In the equation h is the concentration of hydrogen 
ions and i that of the alkali ions. The signiflcance of and i, 
is seen as follows : if the condition of the reversible colloid solution 
is rcirrcsentcd by Z, then, for a mixture of hydrogen ions of com 
ccutJation h and alkali ions of concentration », Z=/(AaA It to 
change the condition to s in a definite time, a mixture of hydrogen 
ions, h, and alkali ion.s i'„ is necessary. Then A, wtira 

i=0. and i„=-lim G when A=0. h, and are the asymptote ot 
the hyperbola represented by the equation (log A(,/A) . (log 
and have the vilucs ^^10 ™ and f„=10-"h The sodium am 
potas.sium ions behave in mixtures as though they were of the same 
type The combinatio.i of calcium and hydrogen ions appears to 
follow a similar law to that obtaining for the alkali ions. J . t ■ 8- 

Dielectric Constants of Colloidal Solutions. Kellee 

(Kolhid ZeiLA, 1921, 29, 193-196).-The ielectric 
a number of colloidal solutions has been determined by Dmle 
method. It is shown that solutions ^ hydrated co oids sua ^ 
gelatin and albumin in certain circums anoes f 

low dielectric constants, whilst colloidal . natural 

lower values. The colloidal solutions which worn m t 
organisms and contain electrolytes show occasionally an excee 
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ingly high dielectric constant. The terms acidic and basic lose 
their classical meaning in non-dissociated and associated solutions, 
since only dissociated solutions can be acid or basic. Not only 
dyes, albumin, and amphoteric substances, but also potassium 
hydroxide and hydrochloric acid in the region o£ medium dielectric 
constant are somewhat associated, that is, colloidal ; at most they 
are molecular dispersed and not ion dispersed. They obtain the 
sign of their charge, not from their internal chemical constitutive 
properties, but from their relative surface charge toward the dis- 
persion medium. Potassium hydroxide in po.sitively charged 
toluidine is to be regarded as elcetro-negative, whilst hydrochloric 
acid in benzaldehyde is positive. J. F. S. 

Colloidal Condition of Sparingly Soluble and Slightly 
Soluble Substances in Water and other Solvents : Experi- 
mental Confirmation of Gibbs's Principle. I. Tbauee and 
P, Klein (Kolloid Zdt-sch., 1921, 29, 236 — 246). — An examination 
of solutions of sparingly soluble substances .suclt as atpieoiis solu- 
tions of hydrocarbons, alkyl haloids, higher alcohols and aliphatic 
acids, i-amyl alcohol, i-butyric acid, aniline, m-cresol, lead and 
calcium sulphates, silver chloride, and silver oxalate, by means 
of the Tyndall cone and the ultra-microscope, shows that the 
whole of such .substances are partly or entirely colloidally dissolved. 
It appears to bo general that in the solution of casily-soluble sub- 
stances such as sodium chloride in water the transition from the 
solid homogeneous phase to the solution takes place in such a 
way that submiorons exist for a short period in the saturated solu- 
tion, The above is probably true for solvents other than water ; 
thus a solution of water in benzene or carbon tetrachloride shows a 
colloidal phase. The very poor surface activity of hydrocarbons 
and alkyl haloids in slalagometric investigations is to be attributed 
to the coarse dispersion. The diameter of a larger submicron is 
of the order 10 “ cm., whilst that of an individual molecule 
is 10 * cm., so that the surfaces stand in the ratio 10**“ ; 10*‘®, 
Such substances in solutions as submiorons only show greater 
surface activity, despite flic .strong Cibliss positivity, when they 
arc converted into molecules or the densest emulsions. The first 
case is observed with bases such as atropine and acids such as 
nonoic acid, and the second with indifferent narcotics such as 
chloroform. If the Traube narcosis hypothesis is sub,itituted for 
Gibbs's positivity, then all abnormalities can be explained. It is 
shown by means of the ultramicroscopc that surface active sub- 
stances accumulate, in accordance with Gibbs’s principle, at the 
interface, oil-water, air-water, and Iccithin-water. The fall of 
concentration increases with the size of the Gibbs’s positivity. 
Gibbs’s negative substances do not show this accumulation, for 
ill some cases the concentration decreases in the region of the 
surface. Sparingly soluble benzene derivatives such as xylidine 
and cresol are very highly colloidal, a fact which explains the ease 
with which such substances are adsorbed by charcoal. Investi- 
gation of the cataphoresis of such substances shows that the coUoidal 
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particles of aniline, toluidine, xylidine, octoio acid, and nonoic acid 
migrate to the anode, whilst quinoline migrates to the cathode 
Preliminary experiments in the adsorption of poisons by the surface 
of ceils of blood corpuscles, yeast-cells, and bacteria-cells have been 
made, from which conclusions on the ccll-dcstroying action of these 
substances may be drawn. J. J’ g 

Precipitation of Colloids by Non-electrolytes. Paul Klek 
{Kolhid Ztiisch., 1921, 29, 247 — 250). — The results of experiments 
on the coagulation of colloids by non-electrolytes are described 
It is shown that, in the absence of electrolytes, surface active non- 
conductors arc able to coagulate negatively-charged colloid.? (sus- 
pensoids and emulsoids). In some unpublished work, Traube has 
shown that suspensions of charcoal and .sulphur are coagulated by 
surface active non-electrolytes as soon as the water is saturated 
with these substances. The same action is now observed tor sols 
of negatively-charged colloids such as arsenic sulphide, albumin 
gold, silicic acid, and mercury sulphide. In these cases, coagu-’ 
lation only takc.s place when the surface active substance in the 
finest possible state of division in alcohol solution is added to the 
colloid. Electro-positivcly charged sols such as ferric hydroxide 
and aluminium hydroxide are not coagulated under the above- 
named conditions. The coagulation of albumin by narcotics is 
irreversible as long as any of the narcotic remains adsorbed in the 
albumin. This fact will probably furnish the reason for the 
harmful and sometimes fatal action of narcotics. Coagulation by 
sparingly soluble surface active non-conductors probably takes 
place in two phases. The first phase consists in a reduction of 
the degree of dispersion by mutual coagulation of two colloids, 
whilst the second consists in the adsorption of the larger particles 
on the surface of the separated drops of the non-conductor. This 
view demands that the primarily-formed colloid of the non-conductor 
should have a positive charge. J. F. S. 

Quantitative Methods of Coagulation for Suspensoids. 

Friedrich Vixxesz von Hahn {Kolloid Zeitsch., 1921, 29, 226 - 
236). — Since the stability of suspensoids is determined almost 
entirely by means of the coagulation by electrolytes, by one or 
other of the methods, (a) the drop process (Schulze), [b] the titra- 
tion process (Linder and Picton), (c) the mixture process, and since 
different investigators us'.ig these methods obtain widely differing 
results, the author has investigated these and other methods in 
the case of arsenic sulphide sols. It is shown that the mixture 
proce.ss is the most convenient, but the Schulze precipitation method 
has the advantage that very little (5 c.c.) of the sol is required for 
a determination. The titration process is not suitable for quanti- 
tative work, becau.se the rate of addition of the electrolyte has a 
marked influence on the result. The author recommends the use 
of pota.ssium chloride as a normal electrolyte for such determinations. 
Since it is quite possible that the electrolyte coagulation method 
is nut suitable in all cases, for example, in the case of very dilute 
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sols or in those cases where chemical combination occurs between 
the sol and the coagulating electrolyte, the author has tested other 
methods of coagulation, which include, (1) the effect of filtration 
on the sol, (2) effect of boiling, and (3) the effect of an electric 
current. Filtration influences a sol in the sense of causing an increase 
of the swe of the particles. Particularly in the case of very dilute 
sols is it possible to obtain trustworthy data on the stability of 
the sol by making a partition curve of the sediment obtained from 
a series of successive filtrations. An approximate measure of the 
stability of a sol can be obtained by placing a drop of the sol on a 
iilter-paper and measuring the ratio of the radius of the surface 
moistened by the unchanged sol to that of the surface moistened 
by the dispersion medium. This ratio, termed the “ capillary 
number,” is characteristic of the sol. The boiling test of stability 
is very easily carried out, but the method is not suitable for dilute 
sola, and is only to be regarded as a confirmatory test to the electro- 
lyte coagulatioh method, or as a substitute for this in cases where 
chemical reaction occurs between the electrolyte and the sol. 
Experiments make it likely that coagulation by boiling depends 
on an adsorption process at the liquid vapour interface. The time 
required by a definite current to effect coagulation of a sol can be 
used as a measure of the stability. J. F. S. 

Emulsions. III. Further Investigations on the Reversal of 
Type by Electrolytes. Shanti Swarupa Bhatnaoae (T„ 1921, 
119, 1760-1769). 

Graphical Representation of certain Heterogeneous Equi- 
libria, A. C. D. Rivett (Chem. Ne.ws, 1921, 123, 251—252).— 
A theoretical paper in which it is shown that the usual method of 
graphical representation of equihbria in binary and ternary hetero- 
geneous systems often expresses relationships which are "in oppo- 
sition to the principles of the phase rule. A modified method of 
representation which avoids such anomalies is put forward 

J. F. S. 

The Oxidation of Ferrous Salts by Potassium Ferricyanide. 

M, Hannik (Chem. WeekbM, 1921, 18, 615— 616).— The experi- 
nienta were made with solutions containing 0-007163 grem-molecule 
of reagent per litre, in presence of concentrated ammonium thio- 
cyanate solutions ; the equilibrium examined was therefore 

Fe{CNS)jH-(CNS)'-t-Fe'"(CN )5 Fe(CNS) 3 +[Fe(CN)J"". 

The ferric thiocyanate formed or remaining in the solution (the 
equilibrium position was determined from both end-systems) was 
determined colorimctrically. 

The oxidation of the ferrous salt was found to be almost quanti- 
tative, completely so in presence of excess of either reagent (ferrous 
salt or ferricyanide). The reverse reaction proceeds to a small 
extent only even in the presence of excess of fcrrocyauide. In the 
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ordinary preparation of Turnbull’s blue, the equilibrium is affected 
by the action of the ferrocyanide formed on the ferrous salt present 

S.I.L, ' 

Landolt's Reaction. II. Some Reactions Analogous to 
the Landolt Reaction. J. Eggert and B. Schaenow {Zeitsd 
Ekktrochem., 1921, 27, 455-^70).— It was previously found in the 
kinetic investigation of the Landolt reaction, which takes place 
according to the equations, (1) I03'd-3S0,"=r-t-3S04 ", (2) 10.,' l 
5r+6H-=3H20+3Ia, (3) l2+SO3" + H20=SO,"+2r+2H-, that 
the iodine-ion formation up to the liberation of free iodine takes 
place according to the equation (=1/(12— ii) + 

where and k^ are the reaction constants of (1) and (2) respec- 
tively. The equation T~ 1 Kk^—kj) . log, kjk^ holds for the turning 
point where all the sulphite-ion has been used up, that is, where 
x—a. The time of the turning point is therefore independent of 
the concentration of the sulphite-ion, but inversely proportional 
to the concentration of the iodate-ion. Tiie object of the present 
investigation is to tind whether, by employing other reducing agents 
than sulphurous acid, the more general case exists, namely, that in 
which the third partial resiction is also determinative of the time 
of the turning point. Eor this purpose, the reducing agents 
potassium ferrocyanide, arsenious acid, sodium thiosulphate, and 
hydroxylamine hydrochloride have been examined. It is shown 
that, with respect of the Landolt reaction, reducing agents may 
be divided into two groups ; to the first of these, thiosulphate and 
sulphite belong, in these cases, the third reaction takes place 
more rapidly than the second all through the process, that is, 
at the turning point the reducing agent is all used up. Ferrocyanide 
and arsenite constitute the second group, and in these cases the 
third reaction may proceed more slowly than the second, that is, 
at the turning point only a portion of the reducing agent has been 
used, Hydroxylamine is a particular case in which the second 
reaction proceeds more rapidly than the first, and in consequence 
the Landolt eifect i.s not observed. In the case of the reducing 
agents in the second group, the equation ( = 1/{L,— iq) . log, |l-h 
(/■g— I'j)x/I*jUl again holds, with the difference that at the turning 
point X is no longer equal to a but x~na, where n is a fraction 
representing the ratio between the amount of reducing agent used 
to the original quantity added. The experiments with these 
reducing agents show tii ^t the time of the turning point is inde- 
pendent of the initial concentration of the reducing agent, but 
inversely proportional to the iodate-ion concentration. Despite 
the fact that the whole of the reducing agent has not been used 
at the turning point, the Landolt effect is exhibited. The theory 
of the reaction demands, (1) that n shall be constant, (2) that the 
eomstants kj and k, shall be proportional to the iodate-ion concentra- 
tion, and (3) that the velocities at the turning point are proportional, 
(a) for constant iodate-ion concentration, to the ferrocyanideuoii 
concentration, and (6) for constant ferrocyanide-ion concentration, 
to the iodate-ion concentration. Thc.se demands are fulnlle in 
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(he case of ferrocyanidc-ion and arsenitc-ion. Whilst the constants 
j. and ^2 are of the same order in the ferrocyanide reaction, the 
nlean relationship hjky is 84xl0"’ in the arsenite reaction, that 
is, the second reaction is 8000 times as rapid as the first. In the 
reaction between the iodatc-ion and the thiosulphate-ion, the 
main reaction products are the sulphate-ion and the tetrathionate- 
ion, which demands a new method of calculating hj and and 
furnishes a new confirmation of the theory. Along with the ions 
named, an undetermined oxidation product of the thio.sulphate 
is produced which reacts slowly with iodine to form sulphate. In 
consequence of the small amount (1-2%) of this product, the 
mechanism of the reaction is only sliglitly influenced. In the 
reaction between the iodate-ion and the hydroxylarnine-ion, iodine 
is separated on mixing the reagents, hut the blue coloration of 
the starch only takes place when the velocity of reaction 
2I,-Nj0+H30-|-6H‘+4r ha.s become great enough to raise the 
inine concentration to 10‘“ gram per litre, that i.s, to the smallest 
amount recognisable by starch solution. The delayed blue colora- 
tion docs eventually appear even in this case, hut for quite, other 
reasons, so that this reaction cannot be included in either of the 
other groups, J, F, S. 

Intra-molecular Energy during Combustion. W. T. David 
(Phil. Man., 1921, [vi], 42, 868—870; cf. A., 1920, ii, 82, 731; 
this vol., ii, 85). — A continuation of previously published work. 
In the present paper, the pre-pressure period and the explosion 
period of coal gas explosions arc considered. The pre-pressure 
period is the interval between the time at which the igniting spark 
passes and that when the pressure commences to rise. In this 
interval, a considerable amount of gentle ignition occurs, but 
there is no rise of pressure. In the, cases considered, the number 
of molecules after explosion is about 3% le.ss tlian before com- 
bustion, consequently the translational energy of the freshly- 
formed molecule, s during this period is not greater than that of 
the molecules before ignition. There is no appreciable radiation 
emitted in this period. In the early stage, of the explosion period, 
the pressure rises slowly, indicating that combustion is proceeding 
slowly and a small but appreciable radiation is emitted. The 
radiation of longer wave-length up to about 1 1 n is emitted first, 
and then is accompanied by radiation of shorter wave-length. 
This is attributed to a moderated combustion being succeeded by 
1 more vigorous combustion. In the later stages of the combustion 
period, combustion proceeds more violently, as is evidenced by a 
rapid rise in pressure, and in this period the ratio of infra-red 
radiation transmitted through quartz (up to 3-5 p) to tliat trans- 
mitted through fluorite (up to 11-Op) is 0-.55 for a 15% coal-gas 
mixture, 0-52 for a 12|% mixture, and 0-40 tor a 10% mixture. 
These results show that the more, vigorous the combustion the greater 
the proportion of short infra-red radiation emitted and therefore 
the greater the proportion of energy acquired during this period 
hy the vibratory degrees of freedom corresponding with the short 
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wave-length radiation relatively to that acquired by those desrp , 
corresponding with radiation of greater wave-length. * 

J- P. S, 

Tha Limiting Pressure of Autoxidation. W. P. Jokbsuv 
{Rec. trae. cUm., 1921, 40, 539 — 541 ; cf. A., 1919, ii, 62; this voi 
ii, 99). — A critical review of the conclusions drawn by Weiser anii 
Garrison (this vol., ii, 248) in which it is pointed out that as 
Centnerszwer (A., 1913, ii, 1052) has shown that phosphorus 
volatilises into pure oxygen at ordinary pressures, the explanation 
of the limiting pressure put forward by these investigators is not 
valid. An alternative interpretation of their seventh experiment 
is given, which is consistent with the author’s conception of limitinc 
pressure. H. J. p “ 

The Rate of Hydrolysis of Methyl Acetate by Hydrochloric 
Acid in Solutions containing Sucrose. Geoeok Joseph 
Bderows (T., 1921, 119, 1798—1802). 

Catalysis [of the Decomposition] of Hydrogen Peroxide 
by CoUoidal Manganese Dioxide. A. Lotteemoser and E. 
Lehm.vnn {Kolloid Zeitsch., 1921, 29, 250— 260).— The velocity of 
decomposition of hydrogen peroxide by colloidal manganese 
dioxide in the presence of a number of neutral salts and bases has 
been examined at 30°. The manganese dioxide was prepared in 
the hydrogen peroxide solution by the action of an aUiah hydroxide 
on potassium permanganate. It is shown that the reaction is very 
sensitive to accidental impurities, and also that the velocity depends 
on the order in which the reagents are added to the water in vliieli 
the reaction takes place. In the present experiments, the reagents 
were added in the order : hydrogen peroxide, potassium pernian. 
ganate, alkali. The electrolyte the influence of which is being 
studied was always added to the water before the reacting sub- 
stances, The assumption that the increase in the velocity con- 
stants is to be explained by the formation and subsequent decom- 
position of a hydrogen peroxide salt could not be confirmed. 
The influence of the kations of the added salts, which all have the 
same anion, follows the lyotrope series Ba">Sr''>Ca”>Sa'> 
K'>Li', in which Ba" accelerates the reaction to the greatest 
extent and Li' retards it the most. At higher concentrations, 
barium falls after cak-.um. Mg" and NH,', on account of the 
reduction of the hydroxyl ion which they produce, strongly retard 
the reaction. J. F. S. 

Catalytic Hydrogenation of Organic Compounds by Base 
Metals at the Atmospheric Temperature. V. Influence of 
the Nature and Position of the Halogens in Organic Haloid 
Compounds on the Removal of Halogen by Catalytic Hydte- 
genation. C. Kelber {Ber., 1921, 54, [5], 2255— 2260).— The 
rate of absorption of hydrogen by a solution of a gram-nulkiMl 
of the suh.stance in an excess of aqueous potassium hydroxide 
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solution in the presence of 3 grams of nickel catalyst has been 
examined in the oases of chloro-, bronio-, or iodo-acetic acids, 
nhenylchloroacetic, phenylbromoaeetic, K-bromopropionic, o-, m-, 
and p-chloro-, bromo-, and iodo-bcnzoic acids, o-, m-, and p-chloro- 
phenol, 0- and p-bromophenol, p-iodophonol, and the chloro- 
cresols. The rate of removal of the halogen by catalysis increases 
uith increasing atomic weight of the halogen, and is in general 
more readily effected with aromatic than xvith aliphatic com- 
pounds. The distinction between the two classes of compound 
is loss obvious with increasing atomic weight of the halogen. In 
aromatic compounds in which a second substituent is present, the 
halogen atom in the ortho-position is lea.st readily and that in the 
para-position most easily replaced by hydrogen. H. W. 

Formation of Elements and Structure of the Atomic 
Nucleus. Emu Kohlweiler (Physihil. Zeitsch., 1921, 22, 243— 
246).— A theoretical paper in which, on the basis of the hypothesis 
previously put forward by the author (A., 1920, ii, 010, 61'), 744), 
and certain emendations necessitated by the recent work of Aston 
and Rutherford, the author draws up tables of the possible isotopes 
of many of the elements up to chromium. The atomic mas,? of the 
various elements is calculated and found generally to agree well 
with the accepted experimental value.s. J. F. S. 

The Structure of the Static Atom. Irving Langmuir {Science, 
1921, 53, 290 — 293). — Mathematical. Stability is obtained by 
the assumption of a repulsive force J’j={«A/27r)2;[(l/m)+{l/M)]/i^l 
between an electron of charge e and mass to, and a nucleus of 
charge Ze and mass M, where » is an integer denoting the quantum 
state of the electron. The important consequences of Bohr’s 
theory all follow from this one also, and the present theory is 
much simpler when applied to polyelectronie arrangements. 

Chemical Abstracts. 

The Structure of the Helium Atom. Irving Langmuir 
IPhjsiad Rev., 1921, 17, 339—353; cf. A., 1920, ii, 656). — Besides 
the semi-circular model of the helium atom developed in the paper 
referred to, the author here develops a doable circle model in which 
the two electrons move in two separate, parallel, circular orbits. 
This model, however, is unstable, and the ioni-siiig potential, com- 
puted by applying the quantum theory, is negative. Moreover, 
the magnetic moment is not zero. The behaviour of the semi- 
circular model is analysed in greater detail than in the preceding 
paper. In the case of coupled electrons the quantum theory 
should be applied, not to the momentum of the individual electrons 
according to the relation jpdy-^hjiir, but rather to the momentum 
which, by being relayed from one electron to another, passes in 
each direction around the nucleus. Chemic-al Abstracts. 

The Dimensions of Atoms and Molecules. W. L. Bragg 
and H. Bell (Nature, 1921, 107, 107). — When estimates are made 
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from crystal data and from viscosity data of the diameters of the 
outer electron shell of the inert gases, the results do not show 
numerical agreement, but the difference between the two estimates 
is almost constant; that is, the increase in the sae of the atom 
as each successive electron shell is added is nearly the same (except 
in the case of neon), whether measured by viscosity or by crystal 
data. It is indicated that (a) the elements at the end of any one 
l)eriod in the periodic table are very nearly identical as regards 
the diameters of their outer electron shells, and (5) in passing from 
one period to the next there is a definite increase in the dimensions 
of the outer electron shell. Measurements of the infra-red absorp- 
tion spectra of hydrogen fluoride, hydrogen chloride, and hydrogen 
bromide lead to the same conclusions. It appears that the forces 
binding the atoms together arc localised at that part of the electron 
shell where linking takes place. A. A. E. 


Molecular Structure and Energy. J. R. P.tRTiNOTO.\ [Xcilan, 
1921, 107 , 172). — ^The models postulated by Lewis and Langmuir, 
and supported by Rankine’s viscosity data, for the molecules of 
certain halogens, nitrogen, nitrous oxide, nitric oxide, and carbon 
dioxide, arc not in agreement with the specific heats of these gases. 

A . A. li/. 


Molecular Structure and Energy. A. 0. Rankine {Nature, 
1921 107 , 293 ; cf. preceding abstract).— A criticism of Fartmgtoivs 
views on tlic apparent discrepancy between Lewis s and Lang- 
muir’s models and specific heat measurements. Lven if the 
neoes,sity for revising earlier ideas of energy partition on the basis 
of the quantum theory is entirely left out of account, it is pomfod 
out that the nitrogen molecule is not spherically symmetrical m 
the same sense as are the atoms of the inert gases, there being two 
separate massive nuclei instead of one. Further, it is suggested 
that the nuclei of all imlyatoraio molecules may be capable of 
vibration to and fro. - . - . 


Isotopes: their Number and Classification. WillmD, 

Haeki-NS (Nature, 1921, 107 , 202-203 ; cf. this voL, n,ya, oS , - 
The author’s theory of nuclear building is supported by the obse ■ 
tion that elements of even atomic number consist of more tliau 
twice as many isotopes as elemente of 

nearly all atoms the ramber of positive electrons and the nuinb 
of negative electrons are even, whilst the atomic num . 
in 89% of the atoms in the surface of the earth and i> 
those in meteorites. Most atom nuclei have the 
where 31 is an even number. It is twice 

according to their isotopic number, n, vyhich ‘ l,e 

the atomic number gives the atomic weight Th® value 
defined as the number of neutrons _(pe) i,otopic 

added to the atom of the same atomic number, Lut » ^ro 
number, to ^^ive the composition o£ the , • nmubers oI 

of any nucleus would be (P 3 e)j/(pc)»- TLe isotopic 
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elements of even atomic number are mostly even, whilst those of 
odd atomic number are mostly odd. Graphs showing the relation 
between the isotopic numbers of elements and their abundance in 
die earth’s crust or in meteorites exhibit well-defined, almost 
identical, maxima and minima. A. A. E. 

Alteration of the Basis of the Atomic Weights and De- 
cennial Revision of the Atomic Weight Table. G. Oudo 
(Gazzetta, 1921, 51, ii, 161 — 168). — The history of the controversy 
concerning the use of the H=1 or the 0=16 basis for the calcula- 
tion of the atomic weights of the elements i.s outlined, and it is 
pointed out that the values for the ratio 0 : H obtained by Stas 
([5.jid~15'88), Keiser (1887), Cooke and Richards, Rayleigh (1889 
and 1892), Noyes (1889), Uittmar and Henderson, Morley, Leduc, 
Thomsen, Berthelot, Keiser (1898), Rayleigh (1904), Guye and 
Mallet and Noyes (1908) lie between the limits ld-87 and l0’89. 
Since the value of this ratio is so accurately known, the author 
suggests that the use of atomic weights referred to the basis 0=16 
be abandoned. Arguments are also advanced against frequent 
revision of the atomic weights and the plea made that such revision 
be effected at ten-year intervals from the present year. 

T. H. P. 

The New International Commission on Chemical Elements. 

Eohcslav Brauner {Clwm. News, 1921, 123, 230— 232).— The 
author recommends to the New International Commission that the 
term “ atomic masses ” be u.sed only for the whole numbers of the 
isotopes B as determined by the physical (.Aston’s) method, and 
that the term “ atomic weights ” be applied to the numbers obtained 
by chemical methods, no distinction being made between pure 
elements, mixtures of isotopes, or single isotopes. He also proposes 
lo call the sub-committoe of the “ International Coinmi,s.sion on 
C'liemioal Elements ” a “ Sub-Committe for Atomic Weights,” 

W. P. S. 

Valency and Co-ordination. Sami’el He.mry Clifford Bkigc.s 
(T., 1921, 119, 1876—1879). 

Lecture Experiments on the Kinetics of Reactions in Solu- 
;ions (Applied to the Landolt Reaction). .1, Eggeri’ and B. 
i'HARNOW { Ber ., 1921, 54, [S], 2521 — 2525). — The authors describe 
1 series of eleven experiments on the reaction expressed by Landolt 
« the equations ; I 03 '-|-. 3 .S 03 "=l'-f 3 S 04 '', lOs’ l uI'+OH'— Slj-l- 
IHjO and 3 l 2 -f SSOj'f 3 H 20 = 6 I'-fGH'-l- 3 S 04 ". The results 
obtained demonstrate the characteristic properties of the kinetics 
3f coupled reactions with reference to the influence of the con- 
centration of the components and to the action of catalysts. 

T. H. P. 
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Inorganic Chemistry. 


Preparation oi Hydrogen by the Partial Li^efaction oi 
Water-gas. Georges Claude {Compt.^ re.nd., 1921, 173, 653- 
( 555 ), — Previous experiments for the preparation from ivater-gaa 
of hydrogen for use in the synthesis of ammonia had to be ahan- 
doned in 1908 owing to difficulties [cf.^'Sbtd., 1021, 172, 974) that 
have noAV been overcome by certain simple devices. The water-gas 
from which a portion of the carbon monoxide has been removed 
by preliminary cooling is allowed to expand whilst doing external 
work and lubrication difficulties due to the low temperatures are 
overcome by the addition of 5^4 nitrogen. In this way, it is 
easily possible, working on a large scale, to obtain a steady supply 
of hydrogen containing only 1-5% of carbon monoxide. [Cf. J. Sk. 
Chem. Irtd., 1921, 810.] W. G. 

Negative Hydrogen Ions. Alfons Klemesc {Zeitsch. Eld-- 
irochem., 1921, 27, 470— 474).— A theoretical paper in which the 
difference of energy between the. hydrogen atom (H) and that of 
the negative hydrogen ion (H') is deduced on the basis of Bohr's 
atomic model and the assumption that both electrons are in the 
same orbit. The relationship H'=H-|-c-t-l/n“.394 Cal. is obtained, 
from which it follows that the process is endotlicrmio in re,spect of 
the electron affinity of the halogen atoms. The theoretical value 
is then calculated, by making use of the thermoehemical data of 
lithium hydride, the specific heats and energy of dissociation of 
molecular hydrogen, the energy of ionisation of lithium, and Bora's 
lattice energy. The quantity H'==H-l-c-|-13±2-8 Cal. is obtained, 
but for perfect agreement the value n=2 must be introduced into 
the above equation. In view of this, it is stated (with reserve) 
that both electrons of the hydrogen atoms in lithium hydride must 
occupy the .second Bohr orbit. It is po.s.sible that the negatue 
hydrogen ion i.s formed during the determination of the heat of 
dissociation of liydrogcn by Langmuir's method, but the velocity 
of the reaction appears to be too small for the energy ^ 

39-4 Cal. Sev’cral equilibrium constants coimecting Hj, tl, n . 
and H' are deduced on the basis of the Nernst equation.^ ^ 


Magnetochemical Examination of Constitutions in Mmeral 
Chemistry. 1. The Sulphur Acids. Paul .t. 

read., 19^, 173, 712-714).-Thc author has dctennmedjh^ 
molecular magnetic susceptibilities of the morgani . 
sulphur compound.s, the hydro.xylammosulphonn *s, 

sulphonates, and the organic sulphimc tL 

sulphoxides and sulphones, and from his *. phe 

su,-:ceptibililies of the various radicles such as tiUj, 3’ . I 
results furnish further proof of the constitution of p 



INOBGAllIO CHEMISTBY. 


ii. 693 


thiosulphurio acids, ■ of the various thionic acids, and indicate that 
the sulphurous and sulphinic acids must contain the group SOI. 

W. G. 

Stability of Persulpbates. K. Elks and P. Nehek {Chsm. 
Zeit., 1921, 45, 1113 — 1114). — Sodium, potassium, and ammonium 
pcrsulphates can be preserved almost unchanged for years if kept 
dry and protected from sunlight. At ordinary temperatures, 
aqueous solutions show .appreciable decomposition after some 
days, and rvith increasing femqjerature the rate of decomposition 
rapidly increases and is further accelerated by sunlight. At 100°, 
decomposition is practically complete in one hour, althougli the 
actual velocity varies to a con-siderable extent witli the concen- 
tration of the solution, and with the nature of the kation, the 
sodium salt being somewhat more stable than the potassium and 
ammonium salts. The addition of sodium sulphate distinctly 
dimmishes the velocity of decomposition, whilst the presence of 
0 % of sulphuric acid accelerates decompo-sition live to ten times. 
As an oxidising agent, sodium persulphate is the most useful salt, 
and it is often advantageous to diminish the velocity of the reaction, 
and so prevent loss of available oxygen evolved as ga,s, by adding 
about 20% of sodium sulphate (anhydrous) to the solution. 

G, F. M. 

Efiect of Freezing on Colloidal Selenium. A. Gutbter and 
F. Flury [with Fr. Heinrich] {Kolloid ZeiUch., 1921, 29, 161— 
172).— -A number of experiments on the influence of freezing on 
selenium sola are described. In the case of .sols produced by the 
action of sulphur dioxide on solutions of selenioiLs acid at 60°, it 
is shown that the destruction produced hy freezing is greater the 
more completely the solutions have l)een purilied by dialysis. 
The assertion of Lottermoscr, that the factor which influences the 
precipitation of the colloid i.s not the amount of the reduction of 
temperature, but the complete solidification of the solution to an 
ice-like mass, could not be confirmed (A., 1909, ii, 27), for in the 
present experiments tlie solutions were completely frozen, but on 
melting the greater part of the colloid went back into solution. 
Sols produced as above, but at ordinary temjx^ratures 'after freezing, 
yield on melting the typical selenium sols if they have not been 
kept frozen too long. If the freezing is repeated many times, or 
if the sol is kept in the frozen condition too long, the colour by 
transmitted light becomes less intense and the stability of the 
sol becomes much less, particularly toward an increase in tempera- 
ture. It is also shown that the nature of the reducing agent 
employed in the preparation of the sols and the temperature of 
preparation have a great inlluence on the stability toward freezing. 
Sols prepared by reduction mth hydrazine at 66° and dialy.sed 
are much more sensitive to freezing than similar sols prepared by 
reduction with sulphur dio-xide at ordinary temperatures. The 
hydrazine sols coagulated irreversibly on cooling even before solidi- 
fication occurred and a red deposit was formed on the bottom 
and top of the frozen mass. In the case of the sulphur dioxide 
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sols, it is shown that the concentration of the undialysed sol has 
a marked influence on the stability towards a reduction of tern, 
perature. The more concentrated sols arc more reathly destroyed 
by freezing than the more dilute solutions, and even in these cases 
it is found that on keeping the sol in the frozen state for some 
time an inhomogeneity is produced, and a red ring of precipitated 
selenium is formed at the top and bottom of the frozen mass. 


Viscosity and Molecular Dimensions of Gaseous Ammonia, 
Phosphine, and Arsine. A. 0. Rankine and C. J. Smith (Pin 
Mag., 1921, [vi], 42, 601— 614).— The viscosity of ammonia, phos- 
plane and arsine has been determined by the method previously 
described (A., 1910, ii, 829) at various temperatures; similarly-, 
measurements have liccn made with air for comparative purposes. 
The following values of the viscosity in C.G.S. units x lO"' and 
Sutherlandts constant, C, are recorded; air, ■i)i5=l-’99, 

m™-=2'191 and C^U7; ammonia, i;o=(0’9'i3), 

C'=(370); phosphine, no=l'070, >li5=l’129, vj,qq=1-4u 0, 0=290; 
arsine, ,;=l-470, y„=l 552, ,,„„=l-997, C=300, The bracketed 
values are calculated from the mean of earlier observations of 
several investigators. By means of Chapman s formula, the area 
presented by the molecules for mutual collision has been calculated; 
this is A=4v(r2 where a is the radius of the molecule when treated 
as an attracting elastic sphere. The collision areas in cm.* x 10 " 
are found to be : ammonia, 0-640, phosphine, 0-911, and arsine, 
0-985 The values previously given for the gases neon, argon, 
kry-pton and xenon (loc. cit.) have been corrected for an error 
which was associated with the earlier work, and the fcllomiig 
corrected values are given ; neon, C=69, A=jr(T— 0-417, (r=2-3(l; 
argon, C=I62. A--0-648, <r=2-87; krypton, C=212, A=0'75?, 
(r=3'10, and xenon, C'=--283, A=0-91o, and <7=3-41. J. h. S. 

The Electronic Synthesis of Chemical Compounds. I. 
Formation of Ammonia. Egos Hiedemanx (Chm M. 

1921 45 1073 ) —By passing a mixture of pure hydrogen and nitro- 

gen through an electron tube, maintaining a tension a few votts 
above the ionisation tension of both gases, a relatively high 3'^ 
of ammonia was obtained. A parallel 

chemistry and elcoi .on chemistry, iii which light ^ u ^ 
arc the respective activating agents. ti. 

Reaction of NitrousAcid withHydr^ine and witt^otaid®; 
E Ouveri-Maxdala (Gazzetia, 1921, 51, ii, 201 -0 , 

Yol., ii, 346).-The method given /™ ..*^L.f*79f2'’ii 4), who 
acid by Uey and Sen-Gupta (A. 1911, n, 822, ^'„tarv 

And that a nitrite loses two-thirds of its nitrogen m I 

state when treated with hydrazine sulphate s 

the decomposition of hydrazine nitrite in thi ^ in tlie 

by .secondary reactions varying markedly wi ^ j 

experimental conditions. Highly discordant results have, 
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been obtained by different authors who have investigated the 
decomposition of hydrazine nitrite (Girard and Saporta, A., 190d, 
ii^ 678 ; Francke, A., 1906, ii, 82 ; Angeli, A., 1894, ii, 93 ; Curtins, 
A„ 1893, ii, 372 ; Dennstedt and Gohlieli, A., 1898, ii, 425 ; Sommer, 
a', 1913, ii, 952; Sommer and Kneas, A., 1916, ii, 316), and many 
different interpretations of the reaction have been advanced. 

The author’s experiments on the interaction of equivalent 
solutions of potassium nitrite and hydrazine sulphate in an atmo- 
sphere of carbon dioxide give the same result at the ordinary 
temperature as at the boiling point of the solution, the mixed 
gases evolved consisting of about 10-2— 11-7% by vol. of nitrogen 
and 88-3 — 89-8% of nitrous oxide ; this result is not in agreement 
with Girard and Saporta’s equation (foe. cit.). When the pro- 
portion of nitrous acid taken is increased, the percentage of nitrogen 
present in the gases evolved at the boiling point of the liquid in- 
creases and, when : HN02-=2 : 3, 1 : 2, and 2 : 5, amounts to 
41'8, 48-6, and 49-1 respectively. As regards the decompo.sition 
in presence of sulphuric acid, a solution containing 0-334, 0-334, 
and 0-334 gram-mol. per litre of hydrazine, nitrous acid, and 
sulplinrio acid yields a mixture of 80% by volume of nitrous 
oxide and 20% of nitrogen, wliilst with 0-334, 0-668, and 0-334 
gram-mol., the percentages of the tw-o gases are 08-1 and 30-9 
respectively. These results sliow that the reaction between 
hydrazine and a nitrite cannot be used for estimating the latter, 
the nature of the gases liberated as well as their proportions varying 
with the conditions. 

The author has also studied the action of hydrazine hydrate on 
free nitrous acid under diverse conditions, but in no case was it 
found possible to detect the formation of hyponitrous acid. 

To the two principal reactions given by Sommer ajid Pincas 
(loc. cit.), it seems probable that there should be added that ex- 
pressed liy the equation N 2 H 4 -f 2HN0.j=N2-|-?f.,0-t-3H20. 

T. H. P. 

Oxidation and Luminescence of Phosphorus. III. Cata- 
lytic Action of Vapours. H.akry B. Weiseb and Allex 
(;.\ksiso:n (J. Physical Chem., 1921, 25 , 473 — 490; cf. this vol., 
ii, 248, 637). — The vapours of a number of organic compounds 
influence the rate of oxidation of phosphorus. Most of the vapours 
examined retard the- oxidation, but nitrobenzene and diphenyl- 
amine accelerate it. Phosphorous oxide is an intermediate product 
in the oxidation of phosphorns to phosphoric oxide. The rapid 
oxidation of phosphorus to phosphorous oxide occurs at 27° in 
pure oxygen under 1 atm. pressure, whilst that of phospohorous 
oxide to phosphoric oxide under the same conditions ooeurs at 
9-1°. As a rule, the heat of reaction of the Brst step raises the 
temperature in the reaction zone to the point where the lower 
oxide oxidises with sufficient velocity to emit light. In a stream 
of oxygen at temperatnros below 27°, the small amount of ])hos- 
phoru,s which vaprorises is oxidised to phosphorous oxide, and this 
IS slowly converted into phosphoric oxide without the emission of 



abstracts of chbmical papers. 


light. In a stream of gas or vapour containing oxygen, the cHef 
oxidation product is phosphorous oxide if the temperature is Ion- 
if the concentration of oxygen in the reaction zone is low, or i{ 
the vapours condense on the surface of the phosphorous oxide 
particles. The ions formed during the oxidation of phosphorus 
consist of oxide particles about charged nuclei and vapours are 
adsorbed or condensed both on the charged and uncharged particles. 
Condensed vapours decrease the conductivity of phosphorised ” 
air by weighting down the charged particles. If the adsorbed 
vapours react with phosphorous oxide they increase the velocity 
of oxidation of phosphorus both hy removing oxide particles from 
the zone of reaction and hy raising the temperature. Nitrobeiizeiie 
and diphenylamiiie act in this way. If the adsorbed vapours are 
inert they prevent further oxidation of phosphorous oxide and also 
form a cloud near the surface of the phosphorus which retards the 
action. If two vapours are adsorbed to the same extent, the 
heavier one will form the denser cloud and will have the greater 
inhibiting action. It is concluded that vapours (with the exception 
of a trace of water vapour) which influence the rate of oxidation 
of phosphorus are not catalysts in the ordinary sense of the word. 
The vapours are merely condensed on the charged or uncharged 
products, and act as described above. The cloud surrounding 
the phosphorus approaches nearer the surface as^ the oxidation 
becomes less energetic, and may form a protecting film which 
reduces vaporisation and oxidation of the phosphorus to a mimmura, 

J . I . S. 


Fusion of Carbon. Euoex Rysohkewitsch {Zeilsck Sid- 
trochem., 1921, 27, 445-452; cf. this voL, ii, 2,58, 586). -A de- 
scription of further experiments on the fusion of carbon. It is 
shown that carbon can be melted under ordinary pressure by an 
electric current. The carbon always melts at the 
the current and consequently the temperature is the highte 
Under suitable conditions, high current efficiency, and good heat 
insulation, carbon may be melted by comparatively small currenk 
The solidified drops of carbon and the two points . 

drop has faUen consist of pure graphite. The sublimation point 
of carbon at ordinary pressures lies very near to the mdtij p ^ 
and in consequence the failures to melt carbon described 
literature are to be attributed to the superposition of the su 
limation over the molting. In saturated ‘>^^bon vapour unu.ua 
large and well-formed graphite crystals are Ff 'vhich go 
in the planes of stronger affinity. The f y ^ "7 * 

used in the melting of carbon have made a determination 
melting point impossible up to the present. 

Viscosities and Molecular Dime^ions of Methane, Hyta- 
gen Sulphide, and Cyanogen. A^O. Ran kin e and U T ^ 
\pha. Mag., 1921, [vi], 42, 61fh-4320; ‘^nogen have 

viscosities of methane, tsuhs the vate 


been measured at 17° and 100 


been meaaureu ;n /'m‘ 

of the Sutherland constant (0) and the collision area in 


. 1 ( 1 “ 
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(J) have been calculated. The following values are recorded : 
methane, ))(|=l-035, tjj, =1-094, i;,(,=l-363, 0=198, and J=-0772- 
hydrogen sulphide. yo=l-l’75, 7j„=1.251, ,1^=1-610, 0=331, and 
j=0-773; cyanogen, r,o^O-935, ,i, =0-995, ,1^=1-281, 0=330, 
and J=l-21. The viscosity values are given in C.G.S. units x 10-^’ 

J. F. S. 

HeUum-bearing Natural Gas. G. SitEnEURNu Rogers 
{V.S. Geol. S%rmy, Prof. Paper, 1921, No. 121, 113 pp.).~A resume 
of the chemistry of helium and the radioactive elements, and a de- 
tailed account of the distribution, chemical composition, and chief 
sources of helium-bearing natural gas. Helium constitutes from 
0-ii to 2% of certain nitrogen-rich natural gases occurring in Kansas, 
whilst natural gas occurring in Europe contains a maximum of 
only 0-38% helium. [See J. Roc. Chem. hid., 1921, Dee.] 

J. S, G. T. 

Some Properties of Fused Sodium Hydroxide. Thomas 
Wallace and Aleicandee Fleck (T., 1921, 119, 1839—1860). 

Conversion of Ammonium Sulphide and of Thiosulphates 
into Sulphates. W. Gluod {Ber., 1921, 54, [5], 2425—2426).— 
kt 100°, ammonium sulphide in aqueous solution may be reaily 
and completely converted into ammonium sulphate by air under 
a pressure of 10 atmospheres. Under similar conditions, sodium 
thiosulphate undergoes total transformation into sulphate, pro- 
vided that sufficient alkali is present to unite with the sulphuric 
acid formed from the sulphur; if such excess of alkali is lacking, 
part of the sulphur separates in the elementary condition. A 
lower pressure than that mentioned above may be used, but in 
such case either the temperature must be raised or the duration 
of the action increased. T. H P 

The Melting and Boiling Points of Ammonium Sulphate. 

Ebsst Jakeckb (ZeitscA. angew. Chem., 1921, 34, 542 543; of. 

k., 1920, ii, 757).— The equilibrium between ammonia, ammonium 
sulphate, ammonium hydrogen sulphate, sulphuric acid, and water 
has been further investigated and the results are shown graphically. 
Aramoiiiutn sulphate when heated evolves more ammonia than 
water, so that a certain amount of ammonium hydrogen sulphate 
(m. p. 147°) is first formed, and later this lose.s water, giving the 
P}TOsulphate. The equilibrium diagram is also augmented by the 
inclusion of an acid sulphate, NH4-H3(S04)2 (m. p. 48°), and an 
ammonia compound {NH4),S04,2NH3. There are eutectics between 
sulphuric acid and the acid sulphate (m. p. —20°), between the 
acid sulphate and the hydrogen sulphate (m. p. 39°), and between 
pne latter and the pyrosulphate (m. p. 138°). A. R. P. 

The Graphitic Nature of the Carbon of Nitro-lime. Naoto 
toEYAiiu {J. Chem. hid. Japan, 1921, 24, 1131 — 1142). — It is 
loniid that the carbon which separates when nitro-lime is treated 
pt-i concentrated hydrochloric acid and 55% hydrofluoric acid is 

'■OL- cxx. ii. ■ 26 
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entirely graphitic. This was proved by the speoifio gravity 
the heat of combustion (7,857 cal. per gram), the (bffraction rinM 
formed by l-rays, the electrical conductivity and by oxidation to 
graphitic acid, satisfactoiy coincidence being obtained in parallel 
experiments with Acheson graphite. g 


The Octahydrate of Magnesium Sulphate. SHma TAKBoim 
(J. Chem. Soc. Japan, 1921, 42, 441 — 453 ; cf. this vol., ii, 30),— 
The equilibrium systems of magnesium sulphate, sodium sulphate, 
and water at 25“ and 30° were studied, and the existence of the 
octahydrate of magnesium sulphate was proved. (From these results 
it is deduced that in the equilibria of the reciprocal salt pairs, 
sodium chloride and magnesium sulphate and sodium sulphate 
and magnesium chloride at 26° there are ten solid phases, not 
nine as previously stated (foe. cit.), the phase having 

to be added although its numerical values are still lacking.) The 
sobd phase (der Bodenkorper) of the system at 25 is always the 
octahydrate. At 30°, also when the solution contains less than 
32% of sodium sulphate, the sobd phase is the octahydrate, which, 
however, is replaced by the heptahydrate when the concentration 
of the sodium sulphate exceeds 32%. When the solution contains 

about 7 9% of sodium sulphate, the sobd phase below 45-5" is 

tbe octahydrate, whilst between 46*1° and 77*2 it is the hepta* 
hydrate. From the transition point in the presence of sodium 
sulphate, the foUowing points are deduced for the case of magnesium 
sulphate alone : 

‘ 48*2* « above 77’2 i ** . rr ir* 

Octahydrate - — » heptahydrate hexahydrate. K. K, 


Tli 0 Atomic Volume of Isotopes. Fkederick Soddy 
{Nature 1921, 107, 41— 42).— Values obtained for the density and 
atomic weight of ordinary lead, lead from thorite, and lead from 
uranium minerals have been compared. It is concluded that the 
atomic volumes cannot differ by so much as three parts m ten 
thousand and the atomic diameters by so much as one part m ten 
thousand. 


The Purification of Mercury. C. Habeies [and Fbiw Evsiisi 
(ZetecA. anjem. Chem.. 1921, 34, 641 - 542 )^In order to te e 
Ulue of the method described previously (this vol . ' ■ “2) fo 
purification of mere -ry, comparative tests on a 1 /„ amata 
were carried out. One portion was aUowed to fall twee throug 
a long column of, nitric acid (d 1*175); the 
Lnta^ed no trace of lead, but the loss of "y ™ 

A second portion was heated for ten hours at , j, 

iss^a cCrent of air through it; the res^dtant “etal was kft 
Cs^eral hours in contact with strong tom 

after thoroush washing with water, was found to 
S The iLs of mercury in the latter case was J, 

amalgam containing 1% of tin after pa^g^s 

acid lost 9*2% of its If Lt sir method, it 

still contained traces of tin. Treated by the ho 
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lost only 1'1% of mercury in fifteen hours, but the residual metal 
contained some tin. A second teat showed that if the air used 
is first passed through fuming hydrochloric acid aU the tin is 
removed in twelve hours. r p 

Critical Constants of Mercury. Soph us Weber (Onnes 
Cmm. Leiden Suppl, 1920, 21—31; from Chen. Zentr., 1921, 
iii, 769 — 770).— Observation on the critical temperature of mercury 
showed that it is higher than formerly supposed and probably 
exceeds 1700“ Abs. From a consideration of the data of Bender 
on the densities of liquid and vaporous mercury, the author shows 
that the critical temperature must be about 1430+273° Abs. 
On this assumption, the critical density, d^, is 5-0 and the critical 
pressure, pc about 1042 atmospheres, which values are in good 
agreement with those obtained by extrapolation by Knudsen’s 
formula. ^ Plotting d/dj against T/T„ and log p^jp against (T^/T-l), 
mercury is shown to fall into line with other monatomic gases 

G. W. R. 

Double Nitrate of Aluminium and Potassium. N. M. 
LaPobte (U.S. Pat. 1377081). — A double nitrate of aluminium 
and potassium of the formula AllNOjlj.SKNOj.lOHjO is prepared 
by crystallisation from a solution of potosium nitrate and aluminium 
nitrate in nitric acid. The proportions of the potassium nitrate 
and aluminium nitrate may be somewhat varied. 

Chemical Abstracts. 

Graphitisation in Iron-Carbon Alloys. K6tab6 Honda 
and Takejir6 Murakami {Sci. Rep. Toliaku Imp. Univ., 1921, 
10, 273—303). — Graphitisation occurs in iron-carbon alloys as a 
decomposition of oementite and not as a separation of graphite in 
the molten state. The decomposition is effected catalytically by 
carbon monoxide or dioxide according to the equations 200= 
COj+C and C02+Fe3C=2C0+3Fc. The process continues until 
the concentration of the gas in the alloy is reduced below a certain 
amount or until the temperature falls below the graphitising range. 
Any treatment of the alloy tending to eliminate carbon dioxide or 
monoxide present, such as heating above 1400°, will also prevent 
graphitisation. The formation of flaky graphite is explained by 
the aggregation of graphite particles as they separate from oementite 
by reason of inteifaoial tension. A phase diagram of the system 
iron-carbon is given embodying the authors' theories. 

G. W. R. 

The Preparation of Nickel Carbonyl. E. Tassilly, H. 
PfaAU. and E. Roux {Bull. Soc. cUm., 1921, [iv], 29. 862—864).— 
In the preparation of nickel carbonyl by passing carbon monoxide 
over reduced nickel the optimum temperature is 45° at a pressure 
of 3 cm. Within reasonable limits, the yield of carbonyl from 
carbon monoxide was independent of the rate of flow of the gas, 
provided that the velocity was not so great as to prevent con- 
densation by suitable cooling. The coefficient of utilisation was 
for the metal and 37% for the gas. W. G. 

26—2 
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Physico-chemical Analysis oi Zirconium Oxychlorides anri 
Zirconium Oxide Sols. Mona Adolf and Wolfgang Pi 
(Kolloid Zeitsch., 1921, 29, 173—184; cf. A., 1917, ii, 563),-:x? 
complex ionisation of zirconium oxychloride has been examin H 
from experimental data on the hydrogen- and chlorine-ion n * 
eentrations, the total zirconium and chlorine concentrations of th 
solution, the electrical conductivity at 25°, the depression of th'^ 
freezing point, and the electric migration. The solutions used wa 
made in cold water and kept for ten days before use. The ionisatio* 
occurs according to the scheme (i) ZrAn^-flHoO 2 ; Zr(0Hi -t 
4HAn, (ii) 2 ZrAn 4 5 ^ ZrAn 4 ,ZrAn 2 “-(- 2 An', (iii) SZrAn^ Zr.Au ° 
-)-ZrAn 2 "(An — an univalent anion). The results show that tL 
ratio between the zirconium hydroxide formed and the un 
hydrolysed oxychloride is simple and can be expressed in different 
concentrations by the figures 1:1, 3:4, 2:3, and 1:2. A com 
parison of the hydrolysis with a normal hydrolysis shows that an 
astonishingly large amount of zirconium hydroxide is formed and 
a very high degree of hydrolysis is attained. The hydrolysis is 
not only abnormal in respect of its high value, but also in its 
connexion with the concentration of the hydrochloric acid. It does 
not increase with successive dilution, but fluctuates irregularlv 
It fluctuates between 35% and 49% for a dilution of 500 times, 
This behaviour is attributed to the formation of complexes, of the 
type rZr(OH),,yZrOCl 2 , which react with the hydrochloric acid 
and form highly complex acids of the types ZrlOHljCIjHj and 
ZrfOHljCljHj. Curves representing the change in concentration 
of the hydrogen and chlorine ions respectively present an unique 
phenomenon, inasmuch as they intersect three times with changing 
concentration. The points of intersection lie approximately al 
A/100, NjS, and SN/S. Transport measurements show that tie 
nature of the ion containing zirconium changes in the regions 
between the intersections of the curves. Tables of the complexes 
present and the ions to which they give rise arc included in the 
paper. Zirconium oxide sols, produced by the dialysis of solutions 
of the oxychloride, have been examined. The sols are coagulated 
by electrolytes only in concentrated solutions (A/4 and above). 
Two of the sols have been investigated and shown to have the 
composition (o) 5 Zr(OH) 4 ,ZrOCl 2 , and ( 0 ), 7 Zr(OH) 4 ,ZrOCl 2 . 


Mlneralogical Chemistry. 


Crystal Structure of Alabandite (MnS). Ralph W. G 
Wyckoff {Amer. J. 8ei., 1921, [v], 2, 239 — 249).-The various 
possible space-groups suggested by the measurements of the A-ray 
reflections from a cube-face and also from the powdered mmera 
are discussed. The arrangement of the atoms (with either our 
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or thirty-two ohemioal molecules to the unit cell) is either that of 
the “ rock-salt tpe ” or a grouping (tetrahedral or tetartohedral) 
very close to this. L J, g. 

Dolomite from Binn, Swifrerland. Paul Koller (Jahrb. 
Min., 191S, Beil.-Bd. 42, 457 — 498). — detailed crystallographic 
description is given of the colourless water-clear crystals from the 
saccharoidal dolomite-rock. Crystals of another type from the 
same occurrence are transparent with a pale yellowish tinge • these 
have refractive indices 1-6799, £-=1-5013 (Na), and gave analyses 
I and II by P. Pooth. 


CaCOj. MgCO,. FeCO,. Sp. gr. 

T 53*38 ■40*45 0'13 2*882 

11 53‘iU 4»>*52 0*(H) 

III 52-Zo 40*02 1-79 2*887 


Both these analyses show a slight excess of magnesia over that 
required by normal dolomite, 1 corresponding to 32CaCO, SSMbCO, 
and If to ,26CaC03,27MgC03. Corresponding with the low per' 
eentage of iron, the refractive indices are lower than any previously 
determined for dolomite. Analysis III is of dolomite from Scaleglia 
Disentis, corresponding with FeC03,36CaC03,37MgC03. Etching 
expenments were made on cleavage flakes with sulphuric, nitric, 
hydrochloric, acetic, and formic acids, each of which produces 
different forms of etoh-figurcs. Different forms of etch-fivures 
are also produced by the same acid when of different concentrations 
The material of analyses I and II yielded the same type of etch- 
figures, but the more ferruginous dolomite is ratlier more readily 
attacked. I, J S 


Lazulite from Graves Mountain, Georgia. Tho.mas L 
Watson (J. Washington Acad. Sci., 1921, 11, 386— 391),— Analysis’ 
byj, W. Watson, of material from this well-known locality for 
lazulite gave : 


TjOi- -UaO,. FeO. .\lgO. CaO. H,,0. SiO... Total. Sp. gr 

38-25 .33-92 3-99 9-08 3-!2 ,5-83 (i-05 100-24 2-958 

Deducting silica as quartz, this gives the usual formula 

{re,Mg,Ca) 0 ,Al 203 ,P 205 ,H 20 . The calcium is, however, hic^her 
than previously recorded for tiie mineral, and this variety is there- 
ore distinguished a.s calcium lazulite. Other occurrences of 

lazulite in the Unitexl States are noted. L, J. S. 

Cornetite from B-wana Mkubwa, Northern Rhodesia. 

A Huichinson and A, M. Macoeegor {iUn. Mag., 1921, 19, 
-3.5—232). — The mineral occurs as a thin, crystalline crust of a 
hue peacock-blue colour on sandstone and shale. The minute 
crystals are orthorhombic with the forms m{110), d(102), t.'(221); 
a: b : c=0-9855 : 1 : 0-7591. Optic axial plane (001), acute negative 
'usectnx perpendicular to (100). d 4-10, H 4—5. Analysis gave ; 

CuO Fe^Oj. PA- H,0.* Insol, Total. 

I’' ^5 ' 0*53 18*33 8*24 4*03 98*91 


^ Loss at 190°, 0*18; loss on ignition 8*77%. 


26 * 
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This gives the formula 2 Cu 3 (P 04 ) 2 , 7 Cu(OH )2 or perhaDs 
Cu 3 (P 04 ) 2 , 3 Cu( 0 H) 2 . The mincral^ agrees in its cry8ta]lograp4 
and optical characters with oornetite from Katanga (A., 1920, ii 
441) and differs only in not containing cobalt replacing copper ’ ’ 

L. J.'s. 

Jurupaite, a New Mineral. Arthur S. ItAKUB (Araer. Min. 
1921 , 6 , 107 — 100).— This is another of the several hydrated calcium 
silicates described from the metamorphic limestone at Crestmore 
California (A., 1919, ii, 113). It resembles pectolite in appearance, 
and occurs in the blue calcite as compact spheres of soft, silky, 
radiating fibres. The oblique optical extinction suggests mono- 
clinic symmetry. The mineral fuses readily to a clear white glass, 
and is easily soluble in dilute hydrochloric acid without gelatinisa- 
tion. It gives no colour with phenolphthalein. The mean of two 
analyses is : 

s'iO,. CaO. MgO. H,0. Total. Sp. gr. 
43'8' 38-156 4-19 2'“ 

This gives the ratios 2 (Ca,Mg) 0 , 2 Si 02 ,H 20 . The loss of water at 
120 ° is less than 1 % and all is not expelled over the bunsen flame, 
The fornuiia is tliercfore written H 2 (Ca,Mg) 2 Si 207 , being like crest- 
moreite and riversideite a derivative of orthosilicic acid. Pkrolite 
(A.. 1921, ii, 270) from this locahty shows several points of similarity 
to calcium-garnet. 

The Cerium Minerals of Bastnas, Sweden. Per Geijee 
(SveriQes Geol. Undersokning, \m, Arbok, 14 (for 1920), Xo, 6, 

1 24^ Ceritc the mineral in which cerium was discovered, is 

known only from this locality. A detailed description is given 
of the mode of occurrence of the cerium ore. Examined m tlm 
sections under the microscope, it is seen to consist of a fine grained 
agimevate of the cerium minerals cerite, bastnasite, tornebohmite 

IS 

AnS-i^ “iriur wl-rgatTate^^^^^^ 0-96, molybdonte 

not det., insoluble 0-95) : , t ..i 

Calculating HO as R 2 O 3 , miwril H boV- 

analogous to those of andalusite and aemicaby 

ever, more closely allied to ceri«i wh ch it differs on ^ ^ 

in containing more aluminium and less calcium. 

MonticelUte Crystals from a 'S. loj., 

A. E. Haliimosd, with analysis by J. H WH L 
1921, 19, 193 — 195).— The pale-brown, transparen J 
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orthorhombic with the forms 6(010), m(llO), and b(021); a:b-.c= 
04382 : 1 : 0-5779. The optic axial plane is parallel to (001) and 
the acute negative bisectrix perpendicular to (010); « 1-663, 

0 1-674, '/ 1-680 ; 27 741°, d 3-20. Analysis shows the presence of 
16-3 mol.% of true olivine in solid solution with the monticellite 
Ca(Mg,Fe,lfci)Si04, which is in accord with the variation in the 
physical characters from those of pure monticellite. 

SiO,. TiOj. Al,Oj. Fe,0,. FeO. MnO. MgO. CaO. PjOj. CaS. Total. 
34-80 0-24 0-27 trace 4-11 13-3!) l;-6g 28-45 0-»05 0-055 99-87 

L.J.S. 

Chemical Constitution of Zeolites. G. Tschbemak {Sitz- 
nigsber. Akad. IFm. Wien, 1917, 126, 541-606, 1918, 127, 177— 
!89; from Jahrb. Min., 1921, ii, Ref. 150 — i53).~Twenty-one 
lew analyses are given of various zeolites. In all cases the ratio 
11 : CalSriBal+NajlKj) is 2;1. Omitting oxygen, all zeobtos 
nay be represented by the formulae SijAljCaHjj and SbAljNajHj,, 
rhere x and z range from 2 to 10, and y and v from 2 to 9. Or 
.gain, neglecting hydrogen, they all contain a group SijAljCaOg 
)r SijAl^NajOj. This group is regarded as a nucleus (“ Kem ”) 
ind represented as Kc or Kn respectively (also Kb and Ks for the 
lorrcsponding barium and strontium nuclei). The various zeolites 
ire' regarded as compounds of one or other of these nuclei -with a 
ilicio acid, combined water, and water of crystallisation. The 
bicio acid and water of hydration are supposed to form a network 
nclosing the nuclei, yiich a structure is regarded as offering an 
xplanation of the variation of the optical characters of the zeolites 
vith loss or gain of water, the various adsorptiou phenomena, and 
he ease with which the bases may be replaced. The following is 

1 summary of the different groups : 

A. Orthosilicates in combination with >SiHj and H^O : Natrolite, 
liH4&=SisAl2Na2H40i2. Soolecite, yiH4Ac0H2=yi3Al2CaH50i3, 
Hesobte, a double salt of those two in the ratio 1 : 2. Edingtonite, 
jiHjAtOH^.aq^SijiVljBalljOji. Gismoiidine, H20ifc02H4,aq= 
iqALCaHjOjj, also with SiHj in place of HjO. Laumontite, 
)iH4A(!SiH2=Si4Al2CaHg045. Thomsonito, a double salt of the 
ampounds H20/fji0H2,aq and HjOAcOHj in the ratio 1:3; also 
in the latter SiHj in place of HjO. 

B. Disilicates combined with polysibcic acids and HjO : Analcite, 

= Si4AljNa2H40i2, also with SijIIg, 814114, or HjO in place 
of 8)2114. Taujasite, Si4HjA'c02H4,4aq, also with SijH,. Chabazite, 
!!i2H4Ac02H4,2aq=Si4Al2CaH,30i8, also with SijHj, or SiH4. 
Gmelinite with Kn in place of Kc. Levynite like chabazite with 
SijHj and SiHj. Stilbite, Si4H8AcOH2,2aq=Si5Al2CaH44023, also 
with SijHjj, Si4Hj, or Si^Hj. Harmotome with Kb instead of Kc. 
Phillipsite like stilbite but with SijHj, SijHj, SiH4, SiHj. Heuland- 
ite, Si4H4irc02H4,aq=Si5Al2CaHi(|0ji, also with SijHs, SijHg, or 
3i2H4. Srewsterite with Ks in place of Kc. Mordeuite like 
heulandite with SijHj. D. d. 8. 

PerroanthophylUte from Idaho. Earl V. Shannon {Proc 
V.S. Sat. Museum, 1921, 59, 397 — 401). — A greyish-green, asbesti- 
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form mineral intergrown with galena occurs in the Tamarack-Custer 
mine near Gem in the Coeur d’Alene district. It is orthorhombic 
with optically positive elongation, «=l-668, '/=1'685; d 3-24, p 
is insoluble in acids, and fuses to a black, magnetic glass. Analysis 
gave : 

SiO,. A1,0,. FejO,. FeO. MnO. CaO. MgO. HjO(<110“). HjO( >110°). Total. 
49'30 1-30 2 16 30-50 3-48 10'73 0-66 0-18 2-13 100-43 

Deducting ferric oxide and alumina as gedrite (ROjKjjOgjSiO^), 
this gives the metasilicate formula (Fe,Ca,H 2 ,Mn) 0 ,Si 02 , but only 
when the water, which is expelled at a high temperature, is taken 
into account. Being the iron end-member of the anthophyllite 
series the name ferroanthophyllite is applied [cf. iron-anthophyllite, 
A., 1919, ii, 165]; similarly, the magnesium end-member of this 
series may be called magnesioanthophyllite. L. J. S. 

A New Type of Mineral Water ; Nitrated Waters. 
Ch.-ielss Lepiebre {Compt. rend., 1921, 173, 783 — 786). — A mineral 
water found at Ericeira in Portugal, obtained from a well 15 metres 
deep and 50 metres from the sea, contained 0-686 gram of nitrates, 
expressed as soium and calcium nitrates, per litre, equivalent 
to 18-8% of the total mineral salts. Their ori^ns are considered to 
be due to biochemical and hydrological phenomena. W, G. 


Analytical Chemistry. 


Apparatus for Technical Gas Analysis. G. Axdoyer {.h r. 
Chim anal, 1921, 3, 293-294).— The apparatus consists nf a 
measurinv burette provided with a water-jacket ; the bottoii of 
the burette is connected with a levelling reservoir, whilst the top 
is fitted with a three-way tap. The absoriition pipettes are con- 
nected in turn, with the stem of the tap and thence with the 
burett^ the other branch of the three-way tap carries a small 
funnel by which water may be introduced for washing out reage”fs. 


Atmospheric 'Corrections for the Harcourt 
Pentane Lamp. E. B. Rosa, E. C. Crittenden and A. H. T.« ok 
(.7. Opt. Soe.. Amer., 1921, 5, [v], 44 ^ 52 ).-A 
obtained for the factor correcting the candle-power of *0 " 
10-candle pentane lamp for variations of ^ the Satio'ial 

.sphere. The mean correcting factor determined 
Aysical Laboratory is 0-64o, whUst the 
Bureau of Standards is 0-567, the factor case r prese^^ 

the percentage decrease m «a"dle-power due 
] Utre of water vapour per cub metre of temperaturf 

the two values is traced to a difierence of atmosplierm t p 
Irtho two cases, and it is shown that the experimental values 
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brought into agreement by using two factors, namely, a factor 
0-.'i2% decrease in candle-power per litre of water vapour per cub. 
metre of air (in the absence of any temperature difference) and a 
factor 0'08% decrease per degree rise of temperature. The factor 
0-52% agrees with the recently determined value found at the 
Bureau of Standards and is in agreement with results obtained 
recently by Takatsu and Tanaka in Japan. It is suggested that 
15'' should be taken as the normal atmospheric temperature for 
calculation of the candle-power of the lamp. J. 8. G. T. 

Device for Filling Burettes. G. Bmnrxs {Ghem. Zeit., 
1921, 45, 1004).— The lower "end of a burette, without a tap, 
is connected with a short vertical length of glass tube carrying 
a side tube; this side tube is bent downwards and provided with a 
jet and spring clip. The end of the vertical tube is connected by 
a rubber tube with a piece of glass tube which reaches to the bottom 
of the reservoir containing the reagent solution. The burette is 
filled by opening a spring clip on the latter piece of rubber tube 
and applying suction to the top of the burette. W. P. S. 

Colorimetric Method of Estimating Hydrogen-ion Con- 
centration. Some Applications in the Analytical Laboratory. 
Noeman Evers (dnaiysl, 1921, 46, 393-400).— The colorimetric 
method is described in detail; the method depends on the fact 
that with different indicators the colour change extends over a 
characteristic zone of hydrogen-ion concentration. The method 
may be used with clear or turbid liquids free from colour, for 
coloured liquids, and is useful for ascertaining the reaction of such 
substances as sodium salicylate, morphine hydrochloride, calcium 
chloride, potas.sium iodide, etc. W. P. S. 

Methyl-orange as an Indicator in the Presence of Indigo 
Carmine. Frank X. Moerk {Amer. J. Pktrm., 1921, 93, 675 — 
679; cf, A., 1907, ii, 910). — The sensitiveness of methyl-orange, 
particularly in slightly coloured solutions, may bo increased by the 
addition of indigo-carminc ; 1 gram of methyl-orange and 2 to 4 
grams of indigo-carmine per litre of water is a suitable concentration 
for the indicator solution. W. P. S. 

A Simple Method for the Preparation of Sodium Hydroxide 
Solution free from Carbonate. I. M. Kolthofe [Pharm. 
^eekbhd, 1921, 58, 1413 — 1417). — Commercial sodium hydroxide 
IS dissolved in water to form an approximately normal solution. 
To each litre 50 c.c. of milk of Ume is added ; after well shaking, the 
solid is allowed to settle and the caustic solution decanted off with 
the usual precautions. The solution is titrated and diluted to 
b'liV ; it is quite free from carbonate, and contain,s only 1 — 2 mg. 
of calcium per litre, which has no influence in analytical determin- 
ations. S. I. L. 

Direct Estimation of Water in Mixed Sulphuric and Nitric 
Acids. E. Berl and W. VOS Boltenstern [Zdlsch. angew. 
Chm., 1921, 34, 526 — 528). — A calorimeter for determining the 
neat of dilution of the sample consists of a vacuum-lined vessel 
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40 mm. in diameter and 300 mm. high. It is fitted with an agitator 
consisting of two blades of sheet glass or aluminium connected 
together and worked by two rods, and with a thermometer graduated 
to 1/10 of a degree. Two hundred c.c. of distilled water are placed 
in the calorimeter, 20 c.c. of mixed acid added through a fine gljjg 
tube dipping below the surface of the water, and the corrected 
rise of temperature obtained as with the Mehler bomb calorimeter 
The water content of the acid is read off from a curve prepared bv 
a series of tests of different dilutions of an acid of known coin, 
position. Different ratios between the two acids correspond with 
different curves. An increase of 1% in the NjOj content of the 
acid was also found to give a water figure 1% too high 
Organic matter is ivithout effect, and for varying dilutions of a 
mixture of constant composition determinations can be rapidly 
made to an accuracy of 0-05 — 0-06% H^O. C. I. ' 

A New Process for the Estimation of Fluorine in the Cold, 
Travers (Compt. rend., 1921, 173, 836 — 838).— The fluorine is first 
converted by suitable means into alkah fluoride. To the fluoridf 
solution, generally alkaline, a known amount of siUoa, as potassimj 
silicate, is added. Usually twice the theoretical amount of silfcs 
required to convert' the fluorine to potassium silicofluoride is 
sufficient. The liquid is then neutralised with hydrochloric acid 
using methyl-orange as an indicator, and an excess of acid, aboa 
2 O.C., is added. Solid potassium chloride is added until the solutioi 
contains 20% of it. The precipitate is filtered off, washed free 
from acid with 20% potassium chloride and titrated with A'/j. 
potassium hydroxide as previously described in the estimatim 
of silica (this vol., ii, 710). One c.c. of xV/S-potassium hydroxide is 
equivalent to 0-0057 gram of fluorine. W. G. 

Estimation of Small Quantities of Fluorine in Natural 
Products by Means of Hempel and Schefller's Gasometric 
Method. H. Sertz {Zeitsch. anal. Chem., 1921, 60, 321-- 330).- 
The method described by Hempel and Scheffier (A., 1899, ii, 380! 
is suitable for the estimation of the small quantities of fluorine 
occurring in certain vegetable substances ; when the ash of the 
latter contains much carbonate or chloride, a preliminary treatment 
with 10% acetic acid is recommended. W. P. S. 

Some Notes on l ie Estimation of Sulphur and Chlorine by 
the Lamp Method. S. Bowm.ax {J. Inst. Peiroltum Tech., I®, 
7, 334 — 338). — In estimating sulphur in petroleum products by tms 
method a certain amount of sulphur is always absorbed by tte 
wick. A method of eliminating this source of error is described, 
[See further J. Soc. Chem. Ind., 1921, Dec.] L' 

Estimation of Sulphate-, Chloride-, and Carbonate-ions in 
Soda-Lime-Glass. JIasao Ikawa (J. Chem. Soc. Japanyl^ 
42, 768— 785),— The sulphate and chloride radicles are 
as barium sulphate and silver chloride respectively, from . 
solution, obtained by warming on a water- bath the finely 
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class ivith three times its weight of pure ammonium hydrogen fluoride 
Si presence of acid with constant stirring. The sulphur in the glass 
is estimated by oxidation with bromine water in the course of the 
decomposition of a sample with ammonium hydrogen fluoride, 
followed by precipitation as barium sulphate, the amount of sulphur 
being calculated from the difference between this and the estima- 
tion of the sulphate. For the determination of the carbonate, 
the sample is decomposed with 30% solution of the fluoride in a 
lead flask, and the carbon dioxide produced absorbed in soda- 
lime as in the Fresenius-Classen method. 

finely powdered glass absorbs 0-1260% of carbon dioxide by 
exposure to the air for eight months, but the absorption during the 
preparation of the sample for analysis is neghgiblo. 

Pure ammonium hydrogen fluoride is prepared by passing 
silicon fluoride into water and treating the hydrofluorosilicie 
<aoid formed with excess of ammonia. The solution is filtered and 
concentrated in a platinum dish ; ammonium hydrogen fluoride 
crystallises on cooling; it is further purified by sublimation. 
A 30% solution of ammonium hydrogen fluoride is not decomposed 
by heating at 90°, but in more concentrated .solutions decomposition 
occurs, a 50% solution evolving hydrogen fluoride, ammonia, and 
ammonium fluoride at that temperature. K. K. 

Rapid Process for Estimating Phosphoric Acid, H, Copaux 
[Compt. rend., 1921, 173, 656 — 658). — The method i.9 based on 
the fact that when phosphoric acid in the presence of another acid, 
such as sulphuric or hydrochloric acid, is shaken with ether and 
an alkali molybdate the phosphomolyhdio acid formed unites 
with ether and water to give a dense yellow liquid which is not 
mbciblo with water. The estimation is conducted in a specially 
designed graduated tube, which i.s described. Into the tube is run 
10 0 . 0 . of the pho.sphate .solution, 10 c.c. of 20“o sulphuric acid, 
and sufficient ether to give a layer of 3—4 mm., and the contents 
arc mixed. To the mixture is added in five or six portions 15 c.c. 
of a solution of sodium moJybdatc containing 100 grams of molybdio 
inhydride per litre, the mixture being shaken after each addition. 
The tube is then spun in a centrifuge and when the separation of 
;hc tlu-ee liquid phaso.s is complete, the volume of the dense yellow 
iquid is read. The tube having been previously calibrated against 
1 standard solution of a phosphate, the percentage of phosphoric 
inhydride in the solution under examination can at once be deter- 
nined. If the 8011010,1 contains citric acid or citrates, these 
nust be removed by preliminary evaporation and ignition. 

W. G. 

Estimation of Phosphates in Waters. D.\mel Flobe.ntin 
.Am. Ohim. anal., 1921, 3, 295 — ^296). — The colorimetric method 
lescribed depends on the production of a blue colour when a dilute 
ihosphorio acid solution is treated with ammonium molybdate 
n sulphuric acid solution and a small quantity of stannous chloride, 
ten c.c. of the water to be tested are treated with two or three 
hops of molybdate reagent (100 c.c. of 10% ammonium molybdate 
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solution mixed with 300 c.c. of 50% sulphuric acid) and one drop 
of stannous chloride solution ( 0*1 gram of tin dissolved in 2 c.c, 
of hydrochloric acid and diluted to 10 c.c.). As little as 0-01 mg. 
of P 2 O 5 per litre yields a distinct blue coloration, the intensity S 
which reaches a maximum in ten minutes. Comparison with the 
colorations given by known amounts of phosphoric acid gives the 
quantity of the latter present in the test solution. W. P. S. 


Detection of Pyrophosphoric Acid in the Presence ot 
Orthophosphoric Acid and Metaphosphoric Acid. D. 

Balareff [Zeitsch. anal. Chem., 1921, 60, 385 392),- — To detect 
pyrophosphoric acid in the presence of orthophosphoric acid, the 
solution containing the two acids is rendered slightly alkaline 
towards phenolphthalein, treated with a few drops of 5% copper 
sulphate solution and dilute acetic acid is added until the pre- 
oipitate is just dissolved; a minute crystal of copper pyrophosphate 
is then introduced. A precipitate of copper pyrophosphate forms 
gradually. Another portion of the neutralised solution may be 
treated with silver nitrate and acetic acid; the latter dissolves 
the yellow silver orthophosphate, whilst the white pyrophosphate 
remains insoluble. If metaphosphoric acid is also present, the 
precipitate obtained with copper or silver salts must be further 
examined, since certain forms of metaphosphoric acid yield pre- 
cipitates resembling those fpvcn by pyrophosphate. For this 
purpose, the precipitate is dis.solved in nitric acid, the solution 
Wtralised, then acidified with acetic acid, and tested with albumin 
solution for the presence of metaphosphoric acid. The reaction 
described by Berthelot and Andre (A., 1897, ii, 158, 283) is untrust- 
worthy in the presence of metaphosphoric acid. W. P, S. 


Detection ot some Metals and of Arsenic in Plant and 
Human Organs. A. Keilhot,z (Pharm. Wee.kblad, 1921, 58, 

1482 1495). — The methods available for the detection of minute 

quantities ot arsenic, copper, manganese, zinc, aluminium, and 
lithium have been examined, and a scheme has been drawn tp 
and applied to the examination ot the organs of the huruan body 
and of plants for these elements. The organic matter is destroye 
by means of sulphuric and nitric acids, these are removed m the usual 
manner, and the residue is taken up in water. 

Forty per cent, of the solution is examined for arsemo„2U tor 
lithium', and the remainder for copper, manganese, and zme ™ 
are removed in succession, the solution being finally exami 


“'“ThrSmendal modification of .-Scd 

for the arsenic examination, the mirrors obtained be g 
in excess of chromic acid, the exce^ being titrated 
The arsenic in the mirror can also be determined y 
method, which depends on the reaction As -d-ol +4^ H 3 . 

5HI ; this is more suitable for exact determination of v y^s 
quantities, but requires a mechanical shaking ^^ds. 

examination of urine it was found that organic ai ordinary 

such a.= cacodyl derivatives, are not destroyed by 
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acitl combustion ; the permanganate method gives accurate results 
in these cases. 

Copper is best determined eicctrolytically, using a platinum 
cathode in a platinum crucible, which serves as anode, a potential 
difference of 2 volts, and a current of 4 — 8 miUiampcrcs. At 60 — 
70°, two to four hours are required. The anode is weighed on a 
Kiihlmann balance. Zinc and manganese do not interfere. 

Manganese can be determined colorimetrically by Marshall's 
method (A., 1901, ii, 350) or electrolytically precipitated as per- 
nxide. Zinc is best determined electrolytically in acetic acid 
solution in the cold. Aluminium is estimated colorimetrically 
with alizarin (Atack, A., 1915, ii, 842) and lithium spectroscopically. 

Application of the methods worked out showed arsenic to be 
present sometimes in the liver, generally in urine, and in all the 
plants examined; copper and zinc generally in the liver, and in 
some plants; manganese in the liver, brains, and blood, and in 
some plants; aluminium was not found in human organs, but 
lithium was present in nearly every organ examined, and in all 
the plants. Tabulated results are given in milligrams of each 
element per kilogram of material examined. S. I. L. 

New Type of Combustion Bomb made of Krupp’s Special 
Steel. W. A, Roth, R, M.AOiiELEinT, and Irmg. IVn.MS (Zeilsch. 
mgiw. Chem., 1921, 34, 537 — 538). — A new calorimeter combustion 
bomb designed to replace the usual type with platini.sed or enamelled 
interior is constructed of Krupp’s special acid-resisting “ 'V»A ” 
steel (20 — 23% Cr, 6 — 9% Ni, Od — 0'3% C). The bomb, which is 
made of either the “Langbein” or “l&oeker” type, is provided 
with a quartz or porcelain dish in which the substance to be burnt 
is placed. This is suspended in the interior of the bomb, from two 
hooks in the electric leads. The insulated lead is a rod of the 
chrome nickel steel, and the other is a tube serving for the admission 
of oxygen and the egress of the gases from the combustion, and is 
made of silver, since a small bent tube cannot yet be constructed 
out of the steel alloy. The bomb can be used for the combustion of 
all ordinary organic substance.s, including nitro-compounds, hut 
it is not available for substances eontahuug halogens or a high 
percentage of sulphur, the alloy not being resistant to nascent 
.sulphuric or halogen acids. Normally, with the former category of 
organic compounds, including coals with 5 — 7% of sulphur, only 
about 0-2 mg. of iron is dis.solvcd, and no nickel. This would 
generate approxim.ately 0-2 cal. With the latter class of sub- 
stances several mg. of both iron and nickel are dissolved from 
the surface of the metal. The susceptibihty to attack, however, 
appears to grow less with use, and substances with a comparatively 
high sulphur content can then be successfully burnt. G. R. M. 

The Determination of the Degree of Oxidation of Coals. 

Georges Ciiarpy and Gaston Decorps (Corapf. rend., 1921, 173, 
S07— 811). — The oxidation of coal may take place in two ways. 
In the first, there is direct fixation of oxygen ivith a resulting 
increase in total weight and vola.tilc matter. In the second, there 



ii. 710 


ABSTRA.aTS 01’ CHEMICAL PAPERS, 


is simple oxidation with formation of carbon dioxide and water and 
a consequent diminution in total weight and a slight decrease in the 
percentage of volatile matter. The first reaction is the more im 
portant at low temperatures. The method proposed for determinino 
the degree of oxidation of a sample of coal consists in powderins 
and sifting the coal and heating a known weight of it with 50“/ 
sodium hydroxide solution at 100“ for two hours, using 10 c.c. of 
tlie solution for each gram of coal. The resulting liquid is diluted 
and filtered, the filtrate being acidified with sidphurie acid and 
made up to a known volume. To an aliquot portion an excess of 
standard potassium permanganate solution is added and the 
mixture is left at the ordinary temperature for two hoim 
after which the excess of permanganate is titrated hack. In this 
way is determined the oxidation index, that is the number of grams 
of oxygen necessary to oxidise the organic matter di.ssolved by the 
sodium hydroxide from one kilo, of coal. Coals r^uired to produce 
a re.sistant eoke should, as a rule, have an oxidation index not 
exceeding 2. Curves are given showing the variation with time of 
the oxidation index and total weight of two samples of coal kept 
at 150°. W. G.' 

Apparatus for the Estimation of Carbon Dioxide (in 
Carbonates). Wilhelm Kohex (Chem, Zeit.. 1921, 45, 1027).- 
Tho apparatus consists of a small reaction flask provided with » 
tapped funnel for the introduction of the acid ; tlie neck of the flask 
is fitted -with a small reflux condenser of the hall type, and this is 
connected with a sulphuric acid bulb and a potash bulb. The 
contents of the flask may he boiled to expel the last traces of carbon 
dioxide, the condenser and sulphuric acid bulb preventing any 
water vapour entering the potash bulb. W. P. S. 

A New Method of Estimating Silica. Travers (Ccmfl, 
rend., 1921, 173, 714— 717).— The silica is first converted into an 
alkali silicate and to it, in solution in a silver dish, is added at 
least 1 gram of potassium fluoride for every 0T5 gram of silica. 
Hydrochloric acid is added until the liquid is just neutral, and tliei 
a further 2 c.c. are added, and finally 7 — 10 grams of potassium 
chloride for every 50 c.c. of liquid. The precipitated pota.ssiiii:; 
silicofluoride is collected ou a hardened filter in an ebonite funnel 
and washed with a 20% solution of potassium chloride until fee 
from acid. The wet precipitate is smspended in boiling water ana 
titrated with X {5 potai^siam hydroxide, free from carbonate, 
using phenolphthalein as indicator. One c.c. of the alkah corre- 
sponds with 0-005 gram of silica. Details are given for the applica- 
tion of the method to the estimation of traces of sihea m alka 
hydroxides and salts, to the analysis of quartz and silicates, an 
the estimation of silica in the presence of fluorine and alumiiMi^ 

Gravimetric Estimation of Potassium by the CobaU 
Method. A. Vurthbiji (flee. Irav. chim., 1921, 40, 

A study of the conditions under which a precipitate oi c 
composition is given by potassium compounds with a co 
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and sodium nitrite. Such a precipitate, apart from variations in 
water content, can be obtained : these variations are ebminated 
by drying at 110° to constant weight. The method is thus rendered 
of use for direct estimation. H. ,J. E. 

Estimation of Potassium in Soils and Fertilisers. Ht nAT. n 
R. Christensen and Niels FEn.BEKo (Landw. Yersuchs.-Sm., 
1921, 97, 27 — 56). — The cobaltinitrite method of Mitscherlich 
(A., 1912, ii, 204, 996) is modified, whereby 5 c.c. of saturated sodium 
chloride solution are added together with the precipitating reagent, 
thereby ensuring more complete precipitation. The method is applic- 
able to the estimation of potassium in fertihsei-s and soil extracts. 
[See furtlier J. Soc. Chem. Ind., 1921, 820a.] G. W. R, 

The Acidimetrio Estimation of Ammonium Salts with 
Formalin. I. M. Koi.tkopp {Pharm. Weekblad, 1921, 58, 
1463—1469). — Formaldehyde reacts readily with ammonium salts 
in aqueous solution, forming hexamethylenetetramine and setting 
free the acid originally combined with the ammonia. The pro- 
cedures of Gaillot (A,, 1913, ii, 240) and of van Bers (A., 1017, ii, 
578) have been found unsatisfactory. Very accurate results are 
obtained by adding 5 c.c. of formalin (B.P., neutral to phenoi- 
phthalein) to 25 c.c. of the solution (about 0-1 mol, per litre) of 
ammonium salt, and titrating the liberated acid after one minute 
with iV/lO-sodium hydroxide solution. It is equally satisfactory 
to use exce.ss of soda with the formalin, titrating tlie excess with acid 
after fifteen minutes. 

The sodium hydroxide must be free from carbonate, and the 
water used for the solutions free from carbon dioxide; phenol- 
phthaleiii is used as indicator. Small quantities of neutral salts 
do not interfere, The method is not suitable for the accurate 
estimation of formaldehyde. S. I. L. 

Chemical Analysis with Membrane Filters. II. Volu- 
metric Estimation of Zinc. Gerhart Jandek and Hans 
Caesar Siuhlaiasn {Zeilsch. anal. Chem., 1921. 60, 289—321; 
cf. A., 1919, ii, 520). — The collection and washing of zinc sulphide 
precipitates are facilitated by the use of membrane filters; the 
sulphide should be precipitated from an acetic acid solution contain- 
ing sodium acetate. Of volumetric methods for the estimation of 
zinc sulphide, Mann’s method (decomposition of the zme sulphide 
with moist silver chloride and subsequent titration of the zinc 
chloride) and acidimetric methods are trustworthy. W. P. S. 

Sensitive Reaction for Copper. P. Palciola {Giorn. Chim. 
Ind. Applic,, 1921, 3, 354 — 355). — Cupric salts may be detected in 
■wlution even in O-OOOOl A’-concentration, by means of alkali 
thiocyanate solution mixed with cold saturated gallic acid solution, 
A decided turbidity being produced. The cupric solution should be 
neutral and free from silver, lead, and bismuth. Similar precipita- 
tion of copper occurs if the gallic acid in the reagent is replaced by 
tannic acid, catechol, or qiiinol, but not by resorcinol. [Cf. J. Soc. 
Ohm. Ind., 1921, Deo,] T. H. P. 
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Rapid Electro-analysis of Brass. A. Lassibur and (Jijtpi 

A. Lassibur {Comp, rend., 1921, 173 , 772 — 775). — The foUowinil 
details of working should be strictly adhered to. 0-5 Gram of brass 
in the form of thin foil is dissolved in 20 c.o. of sulphuric acid 
(50% by weight) and 1 c.c. of nitric acid (d 1-33), the lic[uid being 
heated to boiling at first. When solution is complete, the liquid 
is diluted to 70 c.c. with water and electrolysed, using a current of 
4 — 5 amperes and rotating electrodes. The operation lasts fortv 
minutes, during which the whole of the copper is deposited and the 
nitric acid is completely reduced. To the hquid, freed from copper 
and containing the rinsings of the electrodes, are added 25 c.c. of 
■sodium hydro.xide {d 1-33), 15 c.c. of glacial acetic acid, and 10 c.c. 
of a saturated solution of sodium fluoride in the order named. The 
liquid is cooled to the ordinary temperature and electrolysed, the 
zinc being deposited on a copper-coated cathode, using a current of 
4 amperes. In some cases, at the end of the first electrolysis a 
slight deposition of zinc is noted. This zinc at once dissolves again 
when the current is stopped. W. G. 


The Separation of Aluminium from Gluciniun. II. 
Hubert T. S. Britton {Analyst, 1921, 46, 437 — 445 ; cf. this voL, ii, 
657) —Aluminium cannot be separated from gluoinum satisfactorily 
by means of ammonium carbonate in either hot or cold solutions, 
as not only does the precipitated aluminium hydroxide carry dom 
considerable amounts of glucina, but much alumina remains in the 
ammonium carbonate solution. Treatment of a solution of the 
two metals with ammonium sulphite yielded, on boiling, a preei- 
pitate containing all the aluminium and much gluoinum,^ althoiigli 
the latter alone gives no precipitate with the reagent. Sepaiation 
by means of sodium hydrogen carbonate (Parsons and Barnes, 
A., 1907, ii, .52) yields satisfactory results if neither the gluoinum not 
aluminium in 100 c.c. of the solution saturated with sodium hydrogen 
carbonate exceeds 0‘15 gram, and if the adsorption in both pre- 
cipitations is kept at a minimum by vigorous stirring. A. R. P. 


Reaction of Manganese, Iron, and Cobalt. D. Baiareff 
{Zeitsch. anal Chem., 1921, 60, 392—393).— The precipitate con- 
taining manganese and iron hydroxides is washed, dissolved in 
nitric acid, the solution boiled to oxidise ferrous salt, then neutralised 
with sodium hydroxide solution, treated with -silver nitrate solution, 
and then rendered airmoniacal or acidified with acetic acid, in tie 
presence of as little as 0-2 mg. of mangane.se per litre, a black 
precipitate is observed in the ammoniacal solution, or a yeliowisli- 
brown precipitate in the acetic acid solutiou. Cobalt aM 
salts yield a similar reaction. ' 


Titrations with Potassium Permanganate. Ant. to 
{Chem. Listy, 1921, 15 , 105-109, 138-140).-The t'^tion o 
sodium oxalate, oxalic acid, ferrous ammonium suip ^ , 

electrolytic iron (prepared according either to Treadwell or - 
was studied. The results of these titrations agreed with , 

more closely if the volumes of 0-lA-potassium permanganate 
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were approximately equal. Treadwell’s method did not require a 
control estimation. Stajidardisation against sodium oxalate, 
oxalic acid, and ferrous ammonium sulphate is very facile and 
accurate. Classen’s method was rapid and accurate, if the iron 
dissolved in sulphuric acid is titrated in the presence of platinum. 
Solutions of O'liV -ferrous sulphate, slightly acidified with sulphuric 
acid, and exposed to air, are practically unaffected after twenty -four 
to forty-eight hours. There is practically no danger of the oxidation 
of these solutions during their filtration through paper or glass wool. 

Chemical Abstracts. 

Volumetric Estimation of Mixtures of Permanganate, 
Bichromate, and Chromic Salts. Nitya Gop.al Chattbbji 
(Ciem. N(.ws, 1921, 123, 232 — 233). — The method depends on the 
fact that permanganate is converted into hydrated manganese 
dioxide by treatment with a solution containing manganese sulphate 
and zinc sulphate, whilst dichromate is not affected. Titration of 
a mixture of permanganate and diehromate with ferrous sulphate 
solution before and after such treatment gives a measure of the 
amounts of the two substances present. The estimation of chromium 
salts is based on their oxidation to diehromate by heating with 
hvdvated manganese dioxide in dilute sulphuric acid .solution. 

W. P. S. 

The lodometric Determination of Iron. I. M, Koltiioff 
(Pharm. WcMlad, 1921, 58, 1510 — 1522). — The slowness of the 
reaction between ferric salts and iodides is found to be due to the 
hydrolysis of the former, resulting in the formation of colloidal 
ferric hydroxide. Strong acids accelerate the reaction, but not if 
present in excess, since complex ferric salts are formed . The reaction 
is very suitable for analylical work if the non solution be about 
Ji/10, and the correction concentration of acid and iodide bo 
obtained. For 25 c.c, of iron solution, about 2 c.c. of concentrated 
hydrochloric acid (25 — 39%) and 1-6 grams of potassium iodide 
are required; after fifteen minutes, the iodine is titrated with 
thiosulphate. Sulphates and oxalates interfere ; pho.sphates inter- 
fere only if the solution is not sufficiently acidic. Even ferric 
solutions as dilute as 0-001 M can be accurately titrated in A'/IO- 
hydrochloric acid solution it sufficient iodide (0-3 gram for 10 c.c. 
of iron solution) be used. S. I. L. 

The Different Methods of Attack of Ochreous Minerals. 

A. Raynaud [HuU. Soc. chim., 1921, [iv], 29, 903 — 910). — For the 
analysis of the ochres, 0-5 gram of the finely-powdered mineral, 
previously dried at 100 — i05°, is weighed into a platinum crucible, 
strongly ignited for a few minntes, and weighed again. The loss 
hr weight is due to water of combination and traces of carbonate 
and organic matter. To the residue 4 — 3 c.c. of dilute sulphuric 
acid and 8 — 10 c.o. of fuming hydrofluoric acid are added, and the 
mixture is evaporated to drvness at a gentle heat, finally heated 
more strongly until fuming has ceased, and then ignited. The 
residue, which consists of oxides of iron and alumina, is weighed, 
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the loss in weight by the acid treatment being reckoned as sili 
The residue is fused with potassium hydrogen sulphate, and afte 
rapid cooling the fused mass is extracted with water, the ho' 
reduced to the ferrous' state, and estimated by titration" with ne" 
manganate. The percentage of aluminium oxide is got by difterenc 
from the mixed oxides. The process is rapid and gives result 
quite comparable with those obtained with more oomplieatwl 
methods. ^ 

Application of Amalgams in Volumetric Analyses, II 
Estimation of Vanadium and Uranium. Tamaki Nakazoxo 
(J. Chem. 8oc. Japan, 1921, 42, 761 — 768; cf. this vol., ii, 596) 
Vanadium can be titrated with potassium permanganate either 
by reduction to (a) the bivalent state by shaking with liquid zinc 
amalgam for three minutes in the absence of air in the manner 
previously described {loc. ciL), or (b) to the quadrivalent state by 
treatment with saturated silver sulphate solution, after shakine 
with zinc amalgam for three seconds only. ° 

' ^Uranium is titrated with potassium permanganate after reduction 
to the quadrivalent state by shaking with zinc amalgam for thirty 
seconds in the presence of air. K. K ^ 

Estimation of Fermentation Glycerol. Karl Flmschbk 
(Zcitsch. anal. Chem., 1921, 60, 330— 338).— One hundred c.n oi 
the glycerol solution (obtained by the fermentation process) is 
distilled under reduced pressure with superheated steam, the 
temperature of the distillation flask being raised gradually to 250°; 
the distillate is collected in a flask immersed in a water-bath at 70°! 
This receiving flask is provided with a reflux apparatus supplied with 
a current of water at 70°, and the top of the reflux apparatus is 
connected with an ordinary condenser, receiver, and pump. When 
glycerol ceases to collect in the flask, the steam supply is cut off, 
and the contents of the flask are heated at 100“ under reduced 
pressure until practically all water has been removed; a small 
current of air is admitted to tbe flask through a capillary to aid in 
the removal of the water. The residue of glycerol in the flask is 
then weighed ; its specific gravity is determined so that an alloyyance 
can be made for the small quantity of water still present. 

W. P, S. 

Sugar Calculations. J. F. Livekseege [Analyst, 1921, 46, 
446 — 450). — Equations aie given for correcting the specific rotatory 
power of a sugar or mixture of sugars for temperature and con- 
centration and examples are given of the method of calculating 
the proportions of the various commercial sugars in solutions from 
the observed specific rotatory power before and after inversion, the 
value of K (that is, reduction expressed as dextrose and Imvulose) 
before and after fermentation, and the total organic solids. A table 
of constants and factors for the more important sugars is also given. 

A.R.P. • 

Estimation of the Pentose Sugars. Herman Augitstus Spoehe 
[Carnegie Inst. Pub., 1919, No. 287, 36— 37).— The hexose sugars 
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are fermented with baker’s yeast, and the alcohol and other products 
of fermentation are removed by distillation. The residual solution 
containing pentoses is then caused to react with hot h’ehling solution, 
and the cuprous oxide obtained by reduction is estimated by an 
iodometric titration. The non-fcrmentable sugar must be recognised 
as pentose by the proper tests. Che.mical Abstracts. 

The Quantitative Estimation of Dextrose and L$vulose 
in a Soluti®. Hass Moksciiiiatjsee [Biochem. Zeitsch., 1921, 
118, 120— I 2 S 5 .— The optical rotation of the solution, and the total 
reducing power on copper sulphate by Plliiger’s method (Pjiuger's 
irclii®, 1906, 114, 242) for dextrose arc determined. Pfliiger’s 
table of reducing powers of dextrose in terms of cuprous oxide is 
used as the standard of reference for dextrose, ami an analogous 
table is experimentally determined for Isevulose. Knowing the 
optical rotation of dextrose and Irevulose separately, the content of 
dextrose and of Isevulose is determined graphically or by simple 
calculation. jj g;. 

Comparative Estimations of Lignin in Cellulose. E. 
Heusbe and G. Wenzel {Papierfabr., 1921, 19, 1177—1184).— 
The degree of accuracy of a number of methods for the estimation of 
lignin has been compared using a sample of unbleached, rasped 
iCtsoherlich sulphite-cellulose, which gave the quahtative reactions 
for lignin distinctly, with a total solid content of 91’5%, benzene- 
alcohol extract (resin and fat) 1-48%, and ash 0-8o%. The estima- 
tion of lignin by Becker’s modification (Papierfabr., 1919, 17, 
132o) of Konig and Rump s method (Zeitach. Unters. Xahr. Genussm,, 
1914, 28, 184) using 72'% sulphuric acid, gives too high results, 
owing to the separation on dilution of colloidal products which 
contain no lignin, but are weighed as such. Too high results 
are also obtained by Konig and Becker’s modification (Papierfabr., 
1919, 17, fie,*)) of Krull’s method (Dis,i., Danzig., 1916, 19) using 
gaseous hydrogen cliloride, and Konig and Rump’s method (loc. cit.) 
using dilute hydrochloric acid under pressure, owing to the in- 
complete saccharification of the cellulose. On the other hand, 
trustworthy determinations of lignin in cellulose are obtained by a 
modification of Willstattcr and Zechmeister's method (A., 1913, i, 
9oo), in which 1 gram of the sample is covered with 70 c.o. of 41-4% 
bydroohloric acid in a stoppered flask, frequently shaken during 
eighteen hours, diluted with ten times the volume of water, and 
boiled for ten minutes. F. M. R. 

Estimation of Lactic Acid in Blood. G. A. Haeeop, jun. 
[Prac. Soc. Expt. Biol. Med., 1920, 17, 126— 133).— TJie, method is 
based on Ueniges’s observation that lactic acid is converted by con- 
centrated sulphuric acid into acetaldehyde, and caa be estimated 
with phenols and morphine alkaloids. Five c.c. of blood or serum 
are heated for 4 — 6 minutes on a water-bath with 15 c.c. of acidified 
copper sulphate solution, and excess of powdered calcium hydroxide 
18 added to the cold liquid. Afler thirty minutes, it is filtered, and 
one part of the filtrate is added to four parts of concentrated sulph- 
uric acid while the mixture is being ^aken and cooled in water 
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at 0°. After being placed in a boiling-water bath for two minutw 
it is again cooled to 0°, three drops of a 5% solution of guaiacol are 
added, and after keeping for twenty minutes the rose colour which 
has developed is compared with standards similarly prepared. 

Chemical Abstracts. 

A Modification of Aschman's Method of Determining the 
Iodine Value. B. M. Maegosches and R. Baru (Ghm. Omscha 
1921, 28, 229—232 and 245 — 247). — The iodine monochloride 
.solution is prepared as follow.s ; 15 grains of potassium iodide are 
dissolved in 50 c.c. of water and chlorine is passed through until 
the iodine at first precipitated is completely redissolvcd. The 
solution is left for five hours, and is then decanted from the crystalline 
precipitate, which is wa.shed, and the solution and washings are 
made up to 500 c.c. with water. The solution is even more stable 
than Wijs’s solution. 

0-5 — OT Gram of the oil or fat (according to the iodine value 
expected) is taken and dissolved in 10 c.c. of carbon tetrachloride 
and 10 c.c. of the iodine monochloride solution are added, The 
mixture is shaken and it is essential that the shaking is repeated 
two or three times during the fet half of the absorption period, 
which varies from two to four hours for fats, six hours for non-drying, 
eight hours for semi-drying, and twenty-four hours for drying oils 
when only 60% excess of iodine is used. The time can be reduced 
by using a larger e.vcoss {15%) when six to eight hours are sufficient 
even for drying oils. Tlie excess of iodine is titrated in the usual 
way. An iodhie monochloridc solution of half the above concen- 
tration can be used equally well. The values obtained usually lie 
between the corresponding Hiibl and Wijs values, H. C. R. 

A Modified Babcock Method for Determining Fat in Butter, 
X. \V. Hepburn {Cornell Univ. Agric. Exp. Sta., Memoir 37, 669- 
(ittO), — The size of the bottle used in the Babcock cream test is 
modified to suit the fat estimation in butter. A 23 cm. bottle is 
used for 9 gram samples and a 15 cm. for 6 gram samples, the 
diameter of the graduated part of the neck being 9'07 and 9-04 mu, 
respectively for the two sizes. With the former, the semi-solid 
butter is covered with 9 c.c. of iiikewarm water, and 17-6 c.c, of 
commercial sulphuric acid are added slowly and with vigorous 
shaking, followed by mo^e water to bring the liquid to the graduation 
marks. After five minutes’ centrifuging, more water is added to 
bi'ing the liquid again to the graduations. The bottle is again 
centrifuged for four minutes and placerl in a water-bath at 5-"" ’ 
and the volume of fat is read off. Glymol may be used to flatten 
the meniscus. The results obtained compare favourably with those 
from chemical analyses. The accuracy is the same with both sizes 
of bottle, but the 23 cm. is more easily manipulated. A. G. 4. 

The Estimation of Eaols by Hieber's Copper Acetate 
Method. W. Dieckmann (Bcr., 1921, 54, {B\, 2:2ol—^> 
cf. Hieber, this vol., ii, 466).— Hieber's method for the “ 

enols is not valid, since it depend.s on the assumption that ttie 
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plex copper salts of the latter are not affected under the experi- 
mental conditions (in alcohol— chloroform solution in the jjresence of 
an equimolecular amount of copper acetate) by an equivalent 
amount of acetic acid. This is true only of the copper salts of 
strongly acidic ends, for example, a-mesityloxideoxalic ester, but 
not of those derived from ethyl acetoacetate and similar substances 
of a more feebly acidic nature. Repetition of Hieber’s experiment 
with equilibrium ethyl acetoacetate or with a specimen contain- 
ing a larger proportion of enol leads to the fornaation of about 
7'5% of the copper salt which is produced to the extent of about 
11 % when the quantity of copper acetate is doubled, and about 
14% when' the quantity is quadrupled. The reaction between 
ethyl acetoacetate and copper acetate does not depend on the 
combination of the enolic form, but on the attainment of an equili- 
brium between the copper compound of ethyl acetoacetate, copper 
acetate, and acetic acid, which, in consequence of the rapid keto- 
pnolic transformation, is independent of the enoi content of the 
ethyl acetoacetate. The coincidence of Hieber's datum with the 
known enolic content of “ equilibrium ethyl acetoacetate ” is purely 
accidental and depends on the experimental conditions and relative 
quantities of material ; the remarkable agreement shown in other 
instances is doubtless conditioned by the fact that, in accordance 
with Classen’s rule, acidity and temleney towards enolisation are, 
in general, parallel characteristics. The copper salts of other enols 
show an analogous but gradually differing behaviour from that of the 
compound derived from ethyl acetoacetate. The figures enclosed 
within the brackets represent the percentages of the substances 
which pinain unchanged after treatment with two molecular 
proportions of acetic acid and one of copper acetate in alcohol- 
chloroform solution : ethyl copper benzoylacetate {ca. 38), copper 
acetyiacetone (60), ethyl copper oxalacetate; (ca. 85), copper benzoyl- 
acetone (^. 100), methyl copper a-mesiiyioxide oxalate [ca. 100). 

Hieber’s method is applicable only in the few cases in which the 
cupper salt is not attacked by acetic acid and the rate of keto- 
enolic tran.sformation is so small that aii alteration of the enolic 
content does not occur during the course of the experiment. H. W. 

Estimation of Citronellol and Citronellal by Formylation. 

C. T. Be^ett {Per/, and Essent. Oil Rec., 1921, 12, 351).— The 
formic acid method for the estimation of citronellol and citronellal 
I IS absolutely untrustworthy. Even with pure citronellol, the results 
; were high when 100% acid was used, and low with a weaker acid, 

I in the case of mixtures, such as otto of rose, the results are 
vitiated by the action of the acid on the geraniol present, which it 
partly converts into formate. The action of 100% formic acid on 
citronellol yields a mixture of products containing unchanged 
citronellol, a small amount of what is probably an aliphatic or 
cyclic terpene, citronellol formate, b. p. 99 — i00®/7 mm., the 
(^r^pound 0H*CMe2-[CH2]3-ClIMc*CH2*CH2-0*CH0, b. p. 129% 

mm. d=0‘9651, ^=1*4488, a=l® 46'', and the corresponding 
d^formate, b. p. 140—14177 mm. G. F. M. 
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The Acid Amide Fraction of the Nitrogen of Peat, g j 

Miller and C. S. Robissoii {Soil Sci., 1921, 11, 467 — 467).^iti8 
shown that both glutamic acid and aspartic acid are obtainable 
from peat by hydrolyaia with hydrochloric acid. Attempts to 
separate glutamic acid directly from the hydrolysate were not 
successful. The application of Foreman’s method (cf. A., I 914 
ii, 826) in a slightly modified form resulted in the separation of both 
glutamic and aspartic acids, and in the estimation of pyroUdonecarb- 
oxylic acid from the hydrolysate. W. G. 

Estimation of Cyanides lodometrically with the aid of 
Benzene. Naotsuna Kan6 {J. Chem. 80 c. Japan, 1921, 42 , 
454 — 462). — Benzene can be used as an indicator in iodometry for 
the accurate estimation of cyanides. The original solution is mired 
with 1% boric acid solution, then with the same quantity of 1"/, 
borax' solution, and titrated; or impurities in the original 
solution are removed by addition of sodium hydrogen carbonate 
and after neutralisation with hydrochloric acid, the titration is 
performed. In each case, benzene is added to indicate the end 
point ; when the benzene is tinged, sodium hydi'ogen carbonate is 
added, and the titration continued. The method is applicable in 
general iodometry, when the sample is coloured strongly or contains 
precipitates. The method has been used in analysing samples of 
potassium chromate and potassium fcrricyanide. K. K. 

Estimation of Thiocyanate in the Presence of Salts which 
Precipitate Silver Nitrate. AMURt Dubosc (Ann. CMm. and., 
1921, 3, 297— 298).— To estimate thiocyanate in the presence ol 
chlorides, etc., the sulphur in the tluocyanate is oxidised to sulphite 
and then precipitated as barium sulphate. The oxidation is best 
made with a reagent prepared by electrolysing a mixture of sodiuu 
chloride and magnesium chloride solutions; this reagent should 
contain 2% of “ active ” chlorine, A suitable quantity of the 
thiocyanate is dissolved in 50 c.c. of water, 50 c.o. of 4% bariuin 
chloride solution and 50 c.c. of the reagent are added, and, after ten 
minutes, the mixture is acidified with 10 c.c. of hydrochloric acid, 
boiled, and the barium sulphate collected and weighed, W. P. S. 

The Estimation of Creatinine in the Presence of Acetone 
and Acetoacetic Acid. Nathan F. Blau (J. Biol. Ohem., 1921,48, 
105 — 118). — The author demonstrates, by numerous analyses, the 
disturbing effects ot the presence of acetone substances on the 
estimation of creatinine by the method ot Fohn. He describes a 
method of removing these interfering substances from 
boiling, the temperature being kept low by the addition of m™? 
alcohol. C. B, 11. 

Estimation of the Alkaloid Content of Lupines. F IHcn 

and P. Ledeble (Landw. Vmuchs.-Stal., 1921, 98, 117 H’): 
The authors discuss the errors which may occur in the estnnstioii 
of the alkaloid content of lupines by extraction with cluoro or 
ether and precipitation of the alkaloids by ^cotungstic ■ 
Calculation of the alkaloid content from the weight ot r 




